ii mi 



JEuropamehes Patentamt 
European Patent Office 
Office european des brevets ^ ^ SEP 1 148 SSI B1 

(12) EUROPEAN PATENT SPECIFICATION 

(45) Date of publication and mention (51 ) int CI.: 

of the grant of the patent: A81F m6&**-*'> 

24,05,2006 Bulletin 2006/21 

(86) Inter t - nr utmbei 

(2 1 ) Application number: 00901 873.0 PCT/fL20(KJffJ0G056 

(22) Date of fltirtq: 27,01 ,2000 (87) imernationai publication number: 

WO 2000/044321 (03.08.2000 Gazette 2000/31) 



(54) EXPANDABLE ELEMENT DELIVERY SYSTEM 

EXPANDERBARES iMPLANTAT UND SYSTEM ZUM ANBRINGEN 
SYSTEM E DE MISE EN PLACE D'ELEMENT EXTENSIBLE 



(84) Designated Contracting States: 


. SHAVrr.Ronen 


AT BE CH CY DE DK ES Fi FR GB GR IE fT Lf LU 


69413 Tel Aviv (iL) 


MC NL PT SE 


* SHENHAV, Boaz 




46448 Herzeiia (SL) 


{30} Priority: 27.01,1999 IL 12826199 






(74) Representative: van WeBtenbrogge, Andries et a! 


(43) Date of publication of application: 


Nederiandsch Octrooibureau 


31.10.2001 Bulletin 2001/44 


P.O. BOX 2972Q 




2S02LS The Hague (NL) 


(73} Proprietor: Disc-O-Tech Medfcsf Technologies, 




LtcJ, 


(S6) References cited: 


46728 Heraeiia (it) 


EP-A- 0 044 877 WO-A-99/39661 




WO-A-99/52448 US-A- 5 0S9 193 


{72} inventors: 


US-A- 5 1 71 248 US-A- 5 356 382 


♦ GLOBERfViArL Oren 


US-A- 5 683 451 US-A- 5 697 977 


4691 0 Kfar-Shmaryahif (iL) 


US-A- 5 759 1 86 US-A- 5 782 838 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give 
notk.fi to the European Paienf Office of opposition to the European patent grantee:. Nonce of opposition she;; oe fifed in 
a written reasoned statement if shelf not be deemed to have been filed on-if the opposition fee has seen paid. (Art. 
99(1) European Patent Convention), 



EP 1 148 851 B1 



Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to delivery sys- 5 
tsmsforexpai i - ciaffy to delivery 

systems for a spinal prosthesis. 

BACKGROUND OF THE iNVENTiON 

io 

[0002] A common medical sltuat < mptured 

spinal disc. Material that exits the disc may press against 
the spina cord c j e oaib A ruptured disc is 
typically treated by a surgical procedure, la which the 

• irtia tety ran >ved a id is 

spina! fusion ..if * + . rtebrae c^o 

the removed disc a-e fused. 

[0003] Disk removal may be performed pereutaneoas- 
!y, for examp i * c h tissue removal 

i s and r . jc ate t he i SB 

[0004] Several approaches exist tor spsnas fusion, in 
one approach, the two vertebrae are connected using a 
plate and/or s i roac n f k < r t j s< 

died a • f ithet* ver- 

tebrae, so that bom < , §<=> the as 

adjacent vertebra Typically the axis of the spacer is per- 
pendicular to the axis of the spine and to the plane of the 
body. Sometimes the spacer includes a plurality of holes, 
to encourage bone growth into the spacer, PCT publica- 
tion WO 98/389 1 8 describes a spacer that is inserted in » 
a collapsed condition and expanded to' ' > t 
tebral space. Another type of spacer, exemplified by U, S, 
Patent 5,1 23,926 (and others) to Pisharodl functions like 
a concrete anchoring sc » portion of the spac- 

er, usuaiiy a canter portion thereof, expands by a reia- 
iiveiy small amount to engage the adjacent vertebrae. 
[OOOS] U.S. Patent 5,800,549 describes a flexible disc 

so at erne t tha rings Howeve 

this replacement does not fuse adjacent vertebrae, rath- 
er, it Is designed to replace the form and function of a -« ; 
removed inter-vertebral disc, 
[0006] One disadvantage of some of known fusion de- 
vices is that a relatively large entry hole in the body is 
required to insert the device. In some, a regular-sized 
surgical incision is required. In others, a minimally tr va ->-> 
sive laprosoope-siza hole is required, which is still quite 

erge Often the | sees and otis sp iaf 

structures are damaged by the insertion of the fusion 
device, 

[0007] Arte lv to H ovvi fusion hf> 

n a c i i> I Mi t, 

delivering the devices, U.S. patent 5,759.188 to Bach- 
mat netai.de ting a adfs y 
expansible stent, where there is no need to apply a de- 
forming tome to the implant ss 
[0008] Another disadvantage of some known fusion 
devices is a requirement to trade/off the invasiveness of 
the procedure {« g do the spit - pi - esses need to be 



eutorthaabdom i I -face contact area 

>etween the fusion device and if G nemlly fthc 

contact surface - > - e embeds itself 

In the bone and tbe spins slowly shrinks. 

SUMMARY OF THE INVENTION 

[0009] An asp* * * errs embodiments re- 

ntes to a meth formation of at 

mplai t. In a i the tt vent 3 

force sa v n 1 1 \ > pa is on of the 

Yjplant is const I > ernattotheh 

plant. The expansion force is preferably applied exter- 
nally to the ir - it i i ti in a n 
itself, for example it the implant Is suoer-eiasticaily or 
eiasficaiiy deformed or is torn • d of a shape memory ma- 
eriai pre? i inventioi he 
force is a>- axial . , hat axiaiiy contacts the 
implant, causing if to expat id » extend elements radialy. 
in a preferred i mti i, the constraint 
element is external to the implant and is moved between 
or during application of the defomtation force, to modify 
the deformatio! ir of t t t in a preferred 
embodiment of the invention, the externa! constrained is 
retracted as te t is axially acted he axial 
orcer >ea| ed i element towa is the 
implant and/or by pulling the implant towards an element. 
[0010] An aspect of some preferred embodiments of 
the invention relates to a device for controlling the defor- 
mation of an implant, in which an operator applies con- 
tinuous motion to a knob or lever, and the device converts 
the continuous motion into at least two discrete motions. 
In an exemplary application, one motion is for applying 
force to the implant fc i 3« foi < ling it and one motion is lot- 
moving a constraining element that affects the deforma- 
tion of the implant tinder the force. 
[0011] in - at of the invention, an 
alternating pin mechanism is provided for alternating the 
appiied operator motion between a deformation force 
providing element and a constraint element 
[0012] in an alternative embodiment of the invention, 
an eccentric-wheel mechanism is provided, which wheel 
advances and retracts two arms, one arm which applies 
force to the deformation and one arm which moves the 
constraining element. Preferably, the two arms alternate- 
ly active the cons training element and the deformation, 
fn some embodiments, both amis move in phase and in 
other embodlm ' >u > las i 
even unsync i j ■ o cycles. 
[0013] in a cm" ed embodir at f the invention, an 
aperttured or no t r rol tng the 
motions. In a nubbed piate, the nubs are preferably one 
way nubs, which allow an ami to engage a nub when 
moving in one a ectionandsli iveri e nubs when mov- 
ing in the other direction in an apertored plate, a spring 

• at / p \ 3 tj f 

erture when a motion is s o ng along 

the piate when the motion Is in progress. 
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[0014] Snaprefc t i - the nveii:;- 1 fie 

ciefomiing force is applied as axiatly as possibiy with re- 
spect to the delivery system, to prevent twisting mo- 
ments. 

[001 S] In an alternative embodiment, a two-phase ap- 
paratus is prov is . ai pr ses two com- 
ponents, one for applying force to a spacer and one tor 
retracting a colter that acts as a constraining element, in 
each comp< tent, a >er j +ri e component 
to apply the desired forces or motion and at the comple- 
tion of the activation, the component locks. The operator 
then activates the other-component until it locks. Repeats 
are achievedby unlocking me components and activating 
them »gairs. it rt tion, the coiiar is 
advanced when lores is applied to the spacer, so that 
the col t tr stive to the prox 
ima! end of the spacer. 

[Q016] Afi<r )dimentofthe 
invention relates to a device for Intra -vertebral measure- 
ment n a prefc i * iv _ f the ventiort, the 
device comprises a shaft having two wings at its end. 
When the wings extend, the shaft advances or retracts, 
he amount of r> * 1 1 i d + t m ned j 
the extend of extension of the wings. Various mecha- 
nisms may be used tor extending shewings. ;n a preferred 
embodiment of the invention, the wings form a parallel- 
rtal j to one vertex of the par- 
allelogram and the opposite vertex constrained form 
moving. Advancing the a ^ > • ,. 1 
two or more wings may be provided, thus enabling meas- 
urement to one side, a planar measurement or a volume 
measurement. Altemativety or additionally, a plurality of 
concentric shafts may be provided, each with its own set 
of wings. The wings of the different shafts may be per- 
is *.r o t ui - * x f r h t v 1 i v hi 
ample parallel to each otner. Possibly, the angle between 
the wings is t rotating the shafts relative to 
each other. 

{0017] in some mechanisms, the relation between 
shaft motion and wing extension is not linear, in a pre- 
ferred embodiment of the invention, a mechanical display 
is coupled to the shaft and converts the shaft motion into 
a more readable scale, such as a linear or quasi linear 
scale of wing extension. 

[0018] An aspect of some preferred embodiments or 
the invention relates to kits for implant procedures, com- 
prising two or more of a delivery system (which may be 
sterilized or be t \t mpianf i collar a colt, 

an access tube, a trephine, a guide wire, a vertebra 

punch© ?iu"nn >bt it t > the kit parts an 

adapted for a size and access direction of a spacer, in 
some spacers, the spacer axis when the spacer is ex- 
panned is )t t on direction. 
This can be a< ed by pro i - j ength spike 
son either side of she apace, f hus, a rectangular spacer, 
parallel to the abdom > ■ back can be Inserted at an 
oblique ancle to the spine. 

£0019] There is thus provided in accordance with a pre- 



ferred embodiment of the invention, apparatus for con- 
trolling thf de c j rig deployment 
thereof, comprising: 

s a force app , igdeform- 

ng force to the implant - otio of a fosce 
applicator against the implant; and 
a restraint element positioning mechanism that po- 
sit ens - rc 1 - ' -if i- 3 ireft n m 

; n nor c f tt e n,f y rest ait t Jt the 

restraining element on allowable deformation; and 
a synchronizer that synchronizers the motion of the 
restraining element and the force applicator, to 
achieve i d f r u e trn 3 a 

[0020] Preferably f jj n tsc pris b force in 
put which receives continuous motion and couples It to 
the force application mechanism and to the restraint et- 
ernal t p s ,o conttRU- 
sn ably 3 t 
straint positioning mechanism moves said restra-nt ele- 
ment during one stroke of said reciprocating motion. Pref- 
erably, sao tr ction of said 
reshaint mec fr said up ant. 
[0021] in a preferred embodiment of the invention, said 
force application mechanise-, moves said force applicator 
during one stroke of said reciprocating motion. Prefera- 
bly, said one s" oke comp 

applicator from said implant. Alternatively, said one 
stroke comprises an advance of said force applicator to- 
wards said implant, 

[0022] in e preferred e mbodl me nt of the I n vent ion , said 
sap; schanis mpris a selective cou- 

pler that selectively couples said input motion to said 

55 force applicator. Alternatively or additionally, said ele- 
ment positioning mechanism comprises a selective cou- 
pler that sei ctiv i lidinpu notion to said re 
straining eleme \ i I nally, said syn- 

chronized motion is repetitive, comprises a plurality of 

*» ycles of positionin i ng element and apply 

r g sa d force A ' i - r additionally, said motion 
is applied simultaneously to said restraint element posi- 
tioning mechanism and to said force application mecha- 
nism, 

-'-> [0023] irt a preferred embodiment of the invention, said 
motion fe sp; d - rteiy to said restraint element po- 
sitioning mechan ndl aidfoi pptication meeh- 
i >n r- jrabfy {heap es an alternat 

ing locking mechan Ion at a mate rpies t em 

sn tion form the force input to the restraint element position- 
ng medianism and to the f 

[0024} Inap '-vent -on sard 

force input com; rises £ lua mice input. 
[00215] 
»5 force input comp- s i 

[0026} Snaprefo is > ntof the inventior said 
synchronise s . hanisms Alter- 

natively or adc t "-a^jal pro 
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vidtngan indication to an >per a orto swii ;n bf fween i e 
mechanisms Alternatively, said synchroniser is auto- 
matic, switching > ts 'tween the mechanisms. 
[0027] ! n^f -smcrthe invention, said 

synchronizer comprises a pin extractor for decoupling a 
pin from one mechanism and coupling the pin to another 
mechanism. Preferably, said synchronizer comprises a 
spring for urging said pin towards one of said mecha- 
n sms and a - g said pmfrom 

said one nee- s . g said p:n towards said 

other mechanism. 

[0028] ' ap e • i nt rse toft e nvention said 
synchronizer blocks the motion of one of said mecha- 
nisms whan a desired motion effect of said mechanism 
Is achieved. Preferably, the apparatus comprises a pin 
that enge ^cs * < ffe< i lock n ] 

[0029] naj is j t -ention said 

es! a ntmet ha enty surras -de 

ement for coupling said motion to said restraint element. 
[0030] napre ner sfthe i v a t t an said 

force application mechanism comprises an unevenly sur- 
faced element for coupling said motion to said force ap- 
plicator Alternatively or additionally, said unevenly sur- 
faced element comprises a nubbed ptate. Preferably, 
said nubs art <'re. Tien; 

of said mechanisms so slip over them when she armtrav- 
in or * t 1 * tl ; nubs and engages the 
arm when the arm travels in the opposite relative direc- 
tion, 

JDQ31 3 in a prefe rred embodiment of the invention, said 
unevenly surfaced element comprises an apertured 

plate, 

[0032] in a preferred embodiment of the Invention, said 
uneven surface comprises even surface portions sepa- 
rat< o by u sev ty f separa- 

tion distances defined by said separation of surface por- 
tions. Preferably sei i s t s determine 
the detofmatio * la stive ly or addition 
ally, said separation distances take into account a plastic 
deformation of said implant. Alternatively or additionally, 
said separation distances take into account an elastic 
deformation of said Implant. Alternatively or additionally, 
wherein said separation distances take into account a 
spring-back of said implant. 

[0033] In a preferred embodiment of the invention, said 
force applicator and said force application mechanism 
are substantially estr - -j-„ 3 straight narrow, elongate 
volu ne,th« ) on the o o« appli a 

Hon mechanism. Ait ati i s ^atif > e 

applicator pusc-;? against said implant, 
[0034] n a prefe i 1 jimeni of the invention, said 
force applscato sat n fs r side of said 

implant. 

[0035] =u neat off a Invention, said 

fot oe- ap plii ; an axis eon- 

cting the fore tA't nati c } 

s aid fc rce s 

an axis connecting the force applicator and the implant. 



Alternatively, sa if - ts only axiaf mo- 

3 an s> nn i the force applicator and 
the implant. 

[0036] Ina 1 -*. 1 * < io nvention, said 

restraintefemen exhibits t:< motion, along an axis con- 
st dthe implant 
[0037] in a preferred embodlmentof the invention, said 
restraint ate' w t around an 

axis connect gthe >ti - the implant At 

tematively, s - oi y axli] mo- 

tion, duringtimes ee'tsa , -to the implant, 

c g sn &■> i ic sto and the 

implant. 

[0038] napr i bod t h< nvsntiot ^lid 
force apo tcatt r - 1 20 Kg to said implant 

A item tiveiyoradd > t force jplieator applies 
at least 40 Ko to said implant Alternatively or additionally, 
said for eap li it sai implant 

Alternatively pltc «t av s 

at least 100 Kg to said implant 
[0039] in a preferred embodiment of the invention, said 
restraint element and said force applicator are elongate 
elements. Preferably, said restraint element and said 
force applicator are cylindrical elements. 
[0040] I n a preferred embodiment of the invention, said 
cylindrical elements ere tubes 
[0041 J ina preferred embodlmentof the invention, said 
force applicator comprises two concentric elements, an 
t - ' n rce away from said appa- 
ratus towards said implant and an inner counter force 
it towards said 

apparatus. Preferably, said inner element is mechanical- 
ly coupled to said implant Atternatively said outer ele- 
ment is mechanically coupled to said implant. 

. nvention, said 

motion of said force applicator comprises motion of only 
one of said concentri s ra appara- 

tus. Preferably, said inner element retracts towards said 
apparatus during said motion of said force applicator. 
Alternatively, said outer element advances away from 
said apparatus during said motion of said feme applica- 
tor. 

[0043] In a preferred embodiment of the invention, said 
Inner element is decoupled from said implant by unscrew- 
ing e. Preferably, said inner element extends substan- 
tially ail the way through said apparatus. 
[0044] irtfi i i it ot the invention, the 

apparatus c mpris at He tor r ling said operates 
by ars operator, 

[0045] in s pre! s t tin ie -invention, the 
apparatus comprises means for fixing said apparatus to 
said patient. 

[0046] in a preferred bod e invention the 

apparatus comprises neansfc flxii i said apparatus to 
a bed on which said patient lies. 
[004TJ Ina ;r ent of tne fr venfion said 

synchronker =tc < f m usfoi iei'o ning apat 

ticuiar impfantff ' mplants having 
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different geometries. 

i n Qt^ t * c 'vonion, said 

synchronize , p color so apply 

force to said m ! s completely ex- 

panded. 

[0049] inapt . ■ ' mention, said 

restraint element has an outer diameter of less than 7 
mm. Alternative! dttfonaiiy 1 estraint element 
t t er of k than 6 Tin Aiternat veiy 
or additionally, said restraint element has an outer diam- 
eter of less than 5 mm, Alternatively or additionally, said 
restraint element has an outer diameter of tees than 4 
mm. 

[0050] a on i 2 invention said 

npiant sa spir acent vertebrae. 

Arte oativ \ v 3 a a? yc i 

tradi >g and ra > plant Alternatively or 

additional y L if tied tube wh ch 

as it contracts, radially extends a plurality of spikes and 
whereinsaldrestre.it - it en see said tube and 
prevents the extension of at least one of said spikes. 
[0051 j napre I nentof the invention, said 

1 ol nti pf i force is so d 

against an end of said tub. dot the tube Alterna- 
tively or additionally, said implant radially expands by 
said deforming at ieast by a ratio of two. Alternatively or 
additionally, said implant radialty expands by said de- 
forming at least by a ratio of four, 
[00S2J There is afso provided a method of controlling 
the deformation of an implant, comprising: 

providing a medical Implant; 

ve to said im- 
piant, which restraining element prevents deforma- 
tion of at least some of said implant: 
applying a deformation force to saia impiant usmg 
at least one tube; 

controlling the deforniation of the impiant using the 
restraining element; 

moving said restraining element to a new position; 
and 

repeating sa:d applying, said controlling and said 
moving, a plurality 0; times. 

Preferably, said deformation comprises radial expan- 
sion. Alternatively or additionally, said restraining ele- 
ment is inside said implant. 

[0053] U rr t sm« t + s ut 

side said impiant. 

[0054] j pre t nvention said 

motion of said restrain ng element is controlled using a 
mechanism ex . < >lam Preferably said ex 
teroai mechanism receives a continuous motion input 
from an operate > Tiprlses con- 

verting said continuous motion into discrete motion of 
said ' ig eie nant 

[00551 Aiterr Sionaffy, the method com- 

prises converting said continuous motion into discrete 



application of force to said impiant, 

[0056] 0,0^ v. ed < in nvention, said 

motion and said force application do not overlap In time. 

[0057| 

* motion and said force application do overlap in time. 
[0058] The - i we with a pre 

tarred embod ment e ention, a method of control- 
ling the deformation of an impiant, composing: 

; e providing an axial impiant having a plurality of spikes 
extending radially thereto, arranged along the inn- 
v an: 3 axis winch i pi j ollapsed state 

where said spikes do not extend; 
enclosings 1 1 twit ;c u ha! restrains the 

ty extension of said spikes: 

nseding t ired location 

retracting said collar to allow at least one spike to 
extend; and 

repeating said retracting until substantially all of said 
so spikes are extended. Preferably, said spikes extend 
as a result of forces stored within said implant. Pref- 
erably, said Impiant Is foamed of a super-elastic ma- 
terial Alternatively, said implant is formed of a 
shape-memory materia!. 

[0059] a preferred emb t ve tio s I 

spikes extend as a result of forces applied externally to 
said implant - > i fan es are axialiy applied 

tosan { e method comprises apply- 

so ing an axial force to said implant after all of said spikes 
are extended. 

[0060] There is also provided a measurement appara- 
tusfortaking measurements inside the body, comprising; 

as he c a i 1 »" v f * j 

a shaft disposed within said tube; and 
at ieast one wing col p I i I 

to extend through said slot, wherein an extension 
position f said wit termines =r sxia motion of 

■*o said shaft in said tube, 

wherein saidapparatus isadaptedto corns inconfact 
with body fluids and wherein said apparatus is sterile. 
Preferably, said apparatus Is sterHizable. Alterna- 
tive ,"^1 > 1 rises do ( nes at 

•« least two siois and wherein said at ieast one wing 
comprises at least two wings. 

[0061] in a preferred embodiment of the invention, ex- 
ension of said w 1 
so wings. 

[0062] n jpr« im nbodlment 0; the inve tli ; < 
tension of sa a s irayfron \ gs extends said 
wings. 
[0063] 

s* wings are molded from a single piece of plastic. 

E0CJ64J Snapreferred embodiment of the invention, said 
v shaft 

attached to one vertex of the parallelogram and the two 
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neighboring vers hef comprises the 

extended parts of two wings. 

[0065] a a preferred er r * e invention, the 
apparatus comprises a da! coupled to said shaft and 
displaying an extension of said wings as a function of a 
ivedlspl f no' said tube. 

Preferably, - 5 a scale converter that 

onvertsanc g motion t sak 

shaft motion into a linear scale display 
[0086] , v* r kit ■ nmitc 1 tie 

ipparatuscot j s ntrolforcontroi- 

r c i a , sid tul h < v a -ouy 

BRIEF DESCRIPTION OF THE DRAWINGS 

{00673 The present invention wilt be more clearly un- 
derstood from ti - Hon f k 
preferred embodiments of the invention and from the at- 
tached drawings, in which: 

Fig. 1A shows a fiat projection of an expandable 
spacer, in an un-expanded configuration thereof, in 
accordance with a preferred embodiment of the in- 

Fig. IB shows a perspective view ot the spacer of 
Fig. 1A; 

Fig, ICshows ooth art axial projection and a front 
fiat promotion of the spacer of Fig. 1 A, in an expand- 
ed configuration thereof; 

Fig. ID shows a perspective view of fhe spacer of 
Fig. 1A, in an expanded configuration thereof; 
Figs. 2A-2D illustrate a process of inserting and ex- 
panding a spacer, in accordance with a preferred 
embodiment of the invention; 
Figs. 3A-3F illustrate a method of providing a guide 
tube into amntra-ver-ebra; space, in accordance with 
a preferred embodiment e? the invention; 
Figs. 4A-4F illustrate an exemplary set of tools for 
performing the method of Figs 3A-3F, in accordance 
with a preferred emf odi nent of the invention; 
Figs. 5A-SC illustrate an intra -vertebral measure- 
ment device, in accordance with a preferred embod- 
iment of the invention; 

r 6 uslrat s »nd display me han so? for 

the measurement: device of Figs. 5A-5C. in accord- 
ance with a i -n ovenfio 
i ts 7A 7i netht d^ue 
psoyingthe spacer of Figs. 1 A- 1 0, in accordance with 
a preferred embodiment of the invention: 
Figs. 8A-8D Hlus-rate a delivery control system for 
afi&'Cflng the process shown in Figs. 7A-7F, in ac- 
cc dance with I f embodi tof tm inven- 
tion; 

nigs. 9A-9B illustrate a delivery control system, uti- 
lizing an alternating pin, in accordance with a pre- 
ferred embodiment of the invention: 
p g-> 1 A if «« f t 
delivery system, in accordance with a preferred em- 



bodiment of the invention; and 
Rg. 1 1 illustrates an alternative eccentric-rotation 
based delivery system, in accordance with another 
preferred emt i tent of the invention. 

DETAILED DESCRIPTION OF THE PREFERRED EM- 
BODIMENTS 

BASIC SPACER (CAGE) DESCRIPTION 
[0068] Ftg !As^ vsafta 

spacer 20, in an un-expanded configuration thereof, in 
accordance with a . referre ■ embodiment of the inven- 
tion. Fig, 1 8 is a perspective view of space' 20. Spacer 

«• 20 comprises an elongate hollow object 22. such as a 
tube having a ty > ned thereon (to 

s fattened torn e :hsf i< ned by a pai <~f 

s ots 28. In a pref >< i limen! of the invention, the 
cross-section of tube 22 is a circle, as shown in an axial 
projection 36 of the spacer, in the embodiment shown in 
Fig. 1A, tube 22 includes i < gments 28 

and non-spike segments 30. At one end of the tube, an 
end-cap 34 s > c ed in a j sferred embod 

:ment of the invention, end-cap34 is hollow Alternatively, 

us end-cap 34 is solid, bet preferably comprising a porous 
material or including holes, to enhance bone Ingrowth 
Alternatively or additionally to enci-cap 34, spacer 20 is 
attached to the end of a tube, such that only a portion of 
the tube, preferably an end portion, has sits defined 

so therein, 

[0069} Figs, 1C-1D show spacer 20 in an expanded 
configuration.. Fig. 1C using a flat projection (side and 
axial) and Fig, ID using a perspective view. When; ex- 
panded, spikes 28 extend outwards andtube 22 is axiatly 

55 compressed. Non-spike segments 30 and end-cap(s) 34 
preterabiy do not distort. As can be seen in the figures, 
a considerable expansion in diameter is achieved, for 
example a five fold expansion. In addition, a considerable 
axissl contraction is achieved, as evidenced by comparing 

■*> the thickness of aspike24tn Fig. 1C (38) with Fig. 1A{28). 
{00703 to a preferred embodiment of the invention, 
spacer 20 is maintained in an expanded configuration 
using a bolt 42. A base 44 of bolt 42 engages one end- 
cap c spacer ?0 and a flared i (fla f i exan pie 

< h R < 1 t L^ Up Id 

ed) engages end-cap 34. 

[0071 3 Aitho -cb«d as in- 

- udtrg rc ' >piki rtio n r p tan j f h it 

in sense preferred embodiments of the invention no such 
*> non-soi»> - i r t if the slits 

e Interleaved, a , i 

35 in Fig. 1A. 

[0072] htas. eferredei m ^e nvention, tube 
siits 26 include round holes, for example holes 32, at their 
ss ends. Preterabiy, ihese holes are defined to reduce the 
propagation of stress and/or mechanical failure in tube 
22 Alternative^ f es are defined 

to weaken the end of the sffi so that when spacer 20 is 
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axially collapsed, spikes 28 wtii preferentially fold out at 
the ends jf th atlvely or add 

io! y, slits 26 t tnsi'e I he 

apex of spites £8), to en - - of the spike at 

the location of the hole. 

[0073] The above is a description of a limited subset 
ol spacer? further v; i e ed inaPCTappi 
cation filed on ever- date with the present application in 
the Israel receiving office and titled "Expandable Ele- 
ment*, attorney docker -00/01325, the disclosure of 
which is incorporated herein by reference. 

BASIC DELIVERY METHOD 

[0074] Figs. 2A-Q illustrate a process of inserting and 
expanding spacer 20. in Fig 2 A, a damaged disc 54 is 

ocatedina into pace' etween a verte- 

bra 50 and a vertebra 52. Typically, but not necessarily, 
before inserting a spacer between the two vertebra, disc 

f>4 is partially or 1 r ved efei ably, disc 54 

is removed using a minima!! 1 sfce technique illus- 
trated by a thin needle 56, for example a laproscopic 
approach, such as described In WO 98/38318. 
[007$] in Fig. SB, the disc has been removed and a 
spacer 20 is inserted into inter- vertebral space 55. in an 
un -expanded configuration. In a preferred embodiment 
of the invention, spacer 20 is mounted on- or formed at- 
tfte end of an elongate member 60. Preferably, spacer 
20 is inserted via a syringe or in an "over-tube 8 which 
may be retrieved, once the spacer is inserted. Alterna- 
tively or additionally, spacer 20 is inserted using X-Ray 
guidance, to avoid damaging the spina! cord and/or near - 
by blood vessels. 

[0076] in Rg. 2C, spacer 20 is in the process of being 
radially expanded (arid axiaily shortened). A portion 62 

of spacer 20 is t ton 64 of spa f 

82 is not yet expanded 

[CKJ77J in Fig 2 ;• . sa er2G s expanded over its entire 
length and it flits inter-vertebra; space BS In a preferred 
embodiment of the invention, a fixing material, such as 
a bone slurry or a setting fixing compound is provided 
into inter-vertebral space 55, in orderto encourage fusion 
between vc tebre 50 and 1 tebra 52 n toe v,ast of a 
bone slurry, bone chips or bone powder, such setting 
may require a week or so of bed rest. Preferably, spacer 
20 is stiff enough to maintain its shape until she bone 
sets, so that 'one o< no bed rest is -eqoi so Alternatively 
or additionally, at least some of the required stiffness Is 
, viuf-jl, t 4 - i\ K, 1a 

ferial ie aded 1 Tor i to m to ailow 

bone ingrowth. Alternatively or additionally, to injecting 
a fixing matei la laterial, growth 

hormones, en; t ceuticais, an- 

ti-inflammatory .1 o- other bio-active ma- 

terials may be i- j . - • courage fusion 

and/or another desired effect. 
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SPACER DELIVERY DIRECTS ON 

[0078] 1 refe-rr nbodiment -he invention the 
surgical approach s from th< } patient. After- 

s' natively, a lateral or a posh I c I may be 

used, ft is noted that the imp mtea spece< may be very 
narrow during implantation, so it is easier to plan and 
< e - domer Alter- 

natively or additionally, it is notedthatthe spacer, in some 
?« preferred embodiments of the invention, may be made 
flexible along its main axis, at least in its un-expanded 
onfiguratk t of the slits k med 

therein. Thus, th 11 < > ad at inter verte- 

bral space 55 using a curved guide, possibly a bendable 
m goide. such as an endoscope. Alternatively, if the spacer 
Is former 

)e cooled betoi f I un sdi It 

so that S ca be stoi 1 , g y or additionally 
atid especially if the spacer Is elastic or super-elastic, the 
so spacer may be maintained in a carved configuration dur- 
ing insertion using a curved stylet inserted through the 
spacer, alternatively or additionally to usin g a curved out- 
er tube. 

3$ GUIDE TUBE INSERTION ANO REMOVAL OF DISC- 
TISSUE MATERIAL 

[0079] 

spacer implantation process is performed through a 
30 guide lube, which connects intra-vertebral space 55 with 

the outside of the body. In general, provision of guide 

tubes to the spine is known in the art, for example for 

minimally invasive disk removal, 

[0080] Figs. 3A-3F illustrate a method of providing a 
55 sleeve 1 02. for use as a guide tube, into an intra-vertebral 

space, in accordance with a preferred embodiment of the 

invention. 

[0081] Fig 3 \ 1 tide wire 1 00 inserted into 

space to .a to- m tionistypic y, but not necesss - 

*» performed using X-ray Imaging guidance. 

[0082] Acorn!: > ' 1 ?■ t then inserted 

over guide wire 100, posstoly requiring a small incision 
on the skin, A sleeve 1 02 preferably has a head 106 to 
which a head 112 of an obturator 110 can be fixed. A 

** locking mechanism 1 14, for example using rotationalty 
intertocking element 1 which or exa 1 1 L 
locks or unlocks the two needs, is preferably provided 
tor locking the two head together. Obturator 110 also 
includes an inclined tip 108. preferably situated at its 
proxims i f - r ;mg e\. gh tt s 

sue. A body stc ppe 34 is f. ovided, whict 

can be posit cm* . 1 02, to prevent 

the sleeve from a - body. Typically, 

at "to est! iat« to the t 

ss termined from the X-ray images ana a mote exact posi- 
tion can be determined once the sleeve is insetted, for 
examp e from f it efe "ably, but not 

"ecessar j - sr xjgh st oh 
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that the sleeve- • ,\ ay into space 

55 Preferably 1 ;sed for differ- 

e it partt ct t u^sie and/or 

geometry (e.g., barbs) is such that ones the sleeve Is 
Inserted it is fixed and cars tot be inadvertently 

retracted, except bv apptit t r ficant force. Al- 
ternatively, The ste /< p may indode an extending barb 
or an expanding ring, to hold it in place, 
[0083] Fig, 3C is a perspective view of Fig. 38. 
[0084] In Fig. 30, obturator 110 is retracted, leaving 
sleeve 1 02 in place. 

[0085] In Fig. 3E a trephine 116 is provided through 
sleeve 102, to perorat? an annulus fibrosus capsule ot 
space 53 using 1 ' ; 1 ft rephlnt Prefer 
ably, a head 120 of trephine -16 includes a slipping 
mechanism 1 22. so that it can fresly rotate on head 1 06, 
i c> " i ioes 

[0086] in Fig. 3F, both trephine 1 1 6 and guide wire 1 00 
are retracted, leaving sleeve 102 in place. 
[0087] At this point the disc material is preferabfy re- 
moved )ptis t< > of the vertebrae are 
also removed, 

[0088] Optionally, a plurality of botes are formed in the 
end-plates and/or the vertebrae, which holes may pro- 
mote bone growth Such notes may be formed using 
many tools, for example, a bent guide wire, a bent-tip 
trephine, a rotoblator or a punching device. Preferably, 
a bendable-i | i, to guide the I iole cut- 

ting tool to a desired location, 

EXEMPLARY GUIDE SET 

[0083] Figs, 4A-4F illustrate an exemplary set of toots 

for performing the method of Figs. 3A-3F. 

[0090] Fig. 4A illustrates an exemplary sleeve 102. 

having a slot lot formed near one end, for attaching head 
106 to the sleeve, in the > I inent shown, 

the inner diameter is 8 mm; the outer diameter at the 
head end is 8 mm and the outer diameter at the tip end 
Is 6,5 mm Ar»e> $149 mm sleeve length, 

between the head and the tip. 
[0091] Fig. 4B illustrates an exemplary obturator 1 1 0, 
having asiot 1 1 1 formed near oneend, for attaching head 
1 12 thereto In the exemplary embodiment shown, a bore 
ot 1 .3 mm Is formed for guide wire 1 00, from tip 108 to 
the head end of obturator 110. Optionally, about 30 mm 
torn % 108 3.0 mm aismater. 'Tip 

108 Is 7.84 mm long, with a minimum tip diameter of 
8n e length of obtura * j ate ably 1 SO mm 
long including a > ill t or is rside head 1 1 ~ ^ h ' s otjter 
diameter oi ob - 

[0092] Fig. 4C five view of an exemplary 

heao 1fi6tei si v f kingmech 

' i i 3 1 te A bore of 1 ,3 mm 

is preferably formed in the head for guide wire 100. 
[0093] Fig. 40 Is a perspective view of an exemplary 
head 1 12 for obturator 1 10, showing the rest of Socking 



mechanism 1 14. A bore of 1 .3 mm is preferably formed 
in the head for guide wire 100. 

[0084] Fig, 4E illustrates a detail of a tip 1 1 8 of an ex- 
emplary trephine I t 6 : in accordance with a preferred em- 

s bodlment of the invention. In general, form, such as 
length, diameter, slot and bore, trephine H6 ear? be the 
same as obturator 1 1 0. Tip 1 1 8 includes a 5 mm section 
that has an inner diameter of 4.7mm and is preferabfy 
serrated or sharpened {not shown) af its distal end, so 

?« that it can be easily rotated, 

[0095] Fig. 4F illustrates a head 1 20 for trephine 1 1 6, 
also illustrating a hollow inside portion for completing 
free-turning mechanism 1 22. A bore of 1 .3 mm is pref- 
erably formed in the head for guide wire 100. 

SPACE MEASUREMENT APPARATUS 

[00SS] Figs 5A SC - ■ ■ ptary rrtra verte 

bral measurement device 200. in accordance with a pre- 
x ferred embodiment of the invention. Device 20G is pref- 
erably used to measure the distance between vertebrae 
50 and 52 and or c:lu ice 55, to better 

elect a sf ro ov th 

spacer expansion, so thai tr yaieafgeom- 
etry of the patient. 

[0097] insomeeases.ii ke one meas- 

urement in space 55. In others, the measurement is re- 
pealed in several locations In space 56. 
[0098] As shown In Fig. 5A, exemplary device 200 
comprises a slotted tube 202 having a cap 204 and a 
bore, A shaft 208 is inserted Into the bore of tube 202, A 
plurality of wings 208 are preferably connected on one 
end to shaft 206 and abut cap 204 at their other end, so 
that when shaft 206 Is advanced, wings 208 extend. 

55 When wings 208 meet pin ■ tion {such as 

one), the <tend s« jvance of shaft 2 

is stopped. The amount of movement of shaft 206 can 
be used as an indication of the measured dimension. 
Shaft 206 and tube 202 are preferably, but not necessar- 

*> iiy flexible, so that they can be centered by wings 208 in 
space 55 

[0099] Length of space 55 can be measured by detect- 
ing the extreme locations along the width of the space 
where wings 208 do not exlend freely as edge 

*s of space 55, 

[0100] Width and height of space 55 can be deter- 
mined by rotating device 200 to an orientation at which 
they extend axialty e a lag a measure 

merit. These measurements may be repeated at several 

■or; points along space 65, by axsaily retracting and advanc- 
r g tube 202 r - >n i emt xilments tubs POP s ben! or 
bendable,so- 'scan betaken. 

[0101] inthe awn the outer 

dimeter of tube 202 is 4.8 mm and wings 208 can extend 

ss to a maxfenum diameter of IS mm. However, In other 
implementations, other sizes may be provided. For ex- 
ample, if device 200 Is used for measurement of m- 
tramedullaf o a r device may be 
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provided, for example having a diameter of 3 or 2 mm. 
A larger rang* i oo •c-rexampte. 

betw en 2 Tia ler range of 

radii may be prov * en 4 and 8 mm, 

[01 02] Fig. SB shows device 200 (with shaft 206 hid- 
den) with wings 208 closed. 

[01 03] Fig. SC shows device 200 (with shaft 206 hid- 
den) With W j ' 
to a head 210. wb 1 - ; ' ed onto shaft 206. 

Shaft 206 i r - ? i while head 21C an 5 wings 

208 are preferably a single piece of plastic . Alternatively, 
shaft 206 may b< > r e u nit with wings 

208. 

[0104] In th« mpiar; it t)»n vings 

208 form a parailefogram or a diamond, such that com- 
pressing an axial (of the shaft) axis of the parallelogram 
increases the other (transaxial of the shaft; axis, thereby 
extending wings 203 When the shaft is retracted, for 
example using a spring, the transaxial axis is decreased, 
so the wings retract, in some embodiments, the spring- 
back of wings 208 themsefvee is used for retracting the 
wings, in an alternative embodiment, the shaft comprises 
at Its end a cone, which, when retracted, pushes the 
wings out echanisn 
may be used. 

TRIGGER AND DiSPLAY MECHANISM 

[0105] Fig, 8 illustrates a trigger and display mecha- 
nism 220 for the measurement device of Figs. 5A-5C. 
Mechanism 220 comprises a trigger 222 attached to an 
axis 234. One end 228 of trigger 222 can serve as a dial 
sndicaiot 228 for indicat ng a r. t j a 220. An op- 
tional dial extension 232 may be provided. A spring 224 
coupled to a Case 228 end trigger 222 is preferably pro- 
vided to return trigger 222 to a resting position end to 
retract shaft: 208. 

[0106J A bent arm 242 interconnects tube 202, shaft 
202 (at point 244) an 5 tf ? in 238) Pin 

238 is free to slide in a slot 240 in the body (not shown) 
of the measurement system) and a slot 238 of trigger 
222 This mechanism provides both spring back of the 
shaft and converts the motion of the shaft into a scale 
that linearly shows the wing extension. 
[0107) m ersion mt mis ns i h a us t 

ion inear gears and eo g gears, may be 

used instead, 

[0108] An axial stopper 246 is preferably provided to 
control the axial position of the measurement system rel- 
ative to the patient, allowing measurements m different 
parts of space 55, Other mechanisms, such as a sarew- 

i& 102 mav it a 
[0109] r a v y iimentc ie invention, sys 

tern 200 is held with one hand, freeing the other hand to 
do other operations. 



GENERAL SPACER EXPANSION CONTROL 

[011OJ Figs. 7A-7C (Bust - s * mpiary method of 
spacer expansion, in aeon c 

* bodiment of the Invention. A spacer 402 is provided as 
3 tube having an inner bolt 408, which boit is preferably 
configured to prevent the advance of the end of spacer 
402, past the end of the boit. An outer collar 404 is pro- 
vided for shaping the expansion of the spacer A lapros- 

<o copy tube 406 is also shown, in this embodiment, both 
boit 403 ana tube 406 are ftxea to a base 410 outside 
the body. This base may be, for example, fixed to the 
patient and/or his bed or it may be prevented from ad- 
vancing towards the body by other means. Teas, the base 

?s of the spacer does not advance into the body. In other 
embodiments described below, the bait may be retracted, 
> a c i ring the b i rt o iv« rdatrve to 

bolt 408, if the spacer Is to maintain Its piece In the body 
during expansion. 

so [on 1] Fig. 7A shows a starting position, with boit 408 
ar o spacer - » ' tin ts t lexp f xtendii g be- 

tween two vertebrae (not shown), 
[0112] Both spacer 402 and collar 404 are advanced. 
However, as the space ; is prevc nt» en mi advancing by 

8$ bolt 408, it expands, at the areas where expansi on Is not 
irevente mot f m k no n a spikes 4 2 

This result is shown in fig, 78, 
[0113] Collar 404 is then retracted (Fig. 7C), so thai 
both the collar and the spacer can be advanced again. 

so [0114] lrts< neembodlments hi 

fordiffe t Pes, requ 1 * mam amount of motion 
for expanding each spike. Different amounts of motions 
can be required for other reasons as we!!, for example 
Jo allow better control over the spike expansion. In some 

55 cases, the spacer exhibits a spring-back effect, in that 
the spikes, after being extended, spans ad 
extend the spacer. The amounts of motion preferably 
take the spring-back, as well as the plastic deformation. 
Into account n Fig / r "> collar * , icer 105 arc 

■*e advanced by a different amou nt than in Fig, 7A, to create 
a second spike 414. 

[0115} In Fig. 76, collar 404 is retracted by a different 
amount from Fig. 78, allowing a third spike 41 6 to expand 
out (Fig. 7F). 

DEPLOYMENT SYSTEM 

[0116] Figs SA if sho\ ev ) es jitahk f t 
expandmo a spacer in ways simile:' to that shown In Flos, 
so '& tf Fhcs^ de\ > 1 

deployment of other implants In the body, where the rel- 
ative positions and/or orientations of several elements 
are modified to effect ot it formation of 

an impiant. 

ss [0117] tt ne oil } device sat n m > ha 
spacer, boit and/or coflar is provided. However, in some 
emb ttimenfs seiy or addition 

aHytoiinear motion, may t I sbls >r 
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xampte, spiral ! i 

able. Rotational motion of spacer 402 is generally not 
acceptable, however, a siip-rsng may be provided be- 
Sween a pi sh - motion and a 

spacer that does no;, in some embodiments, cottar 404 
is not rotationaliy symmetric, tor example including silts 
for expansion of spikes therethrough, in which case ro- 
tations! control of - i advantageous 
[0118J As^ he ele-nents 

is generally preferred, in soma embodiments, simultane- 
ous, continuous t k' « ^^^aiMaw 

pa ion, are pre vieeo 
[01 19] In trie embodiments below, collar 404 Is outside 
of spacer 40?. However 1 t side space 

402, if It engages the u-sids ot the spacer and prevent 
expansion at the engaged areas, for example using a 
threading. 

MANUAL DEPLOYMENT DEVICE EMBODIMENT 

{Giaoj Figs. 8A-8D illustrate a delivery control system 
500 for effecting the process shown in Bgs. 7A-7F. in 
accordance with a preferred embodiment of the inven- 
tion, 

{0121] in geneta:, sy^to i i u as two sub-sys- 
tems, a coilar retraction subsystem and a spacer ad- 
vancement sub = st - i 5 a herd e 502 
of system 500, 

{81 22] Each of the subsystems includes a knob for ef- 
fecting the motion, means for converting rotational mo- 
tion of the knob into linear motion of the moved element 
and a lock for stopping the motion once the required ex- 
tant of motion, for a particular spike expansion, has be 
performed. In a preferred embodiment of the invention, 
the iock comprises a piate having a plurality of holes 
formed in it and a pin, wt slid ng *he plate and 
is elasticaily urged into a hole. The distance between the 
holes corresponds to the amount of motion desired in 
each expansion step. 

[0123] In operation, a user advances collar 404 and 
spacer 402 using the spacer advancing subsystem, until 
correspond!) g to Figs 
7A-78). Then, ths user retracts collar <?04 using the collar 
retraction subsystem, until a pin fits in a colter location 
plate (corresponding to Figs. 73 -7C). The user men frees 
the pin from the spacer location piate and advances the 
space and co gain (cor spending to Figs 7C-7D) 
Then the user frees the pin from the collar location piate 
i - v in i ponding to I gs 7.1 71 ) 

This process is s *- i t 33.ee s properly de 
pioyeci. A pole element that holds; bolt 408 Is released 
from the bolt and system 500 is retracted, in an exemplary 
embodim L !i s 7 

500 is rotated 1 F e T >- rab y 

a screw fixing sys r> 5 , 1 - cite 602 is released 
- ow g asier t a c of the pole 

element. In so - 5 s< e- ts ioctted to 

the bait by advancing the pole- element by screwing it in 
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tighter, 

[0124] - e< ) of the nvention at 

the end of the spacer expansion, an optional additional 
space 3 to compensate for 

s the spring-back of the spacer and allow the cap-locking 
mechanism of the spacer to be deployed. 
[0125J Although a particular implementation of the 
above de 

may be provided instead, while maintaining the general 

?« scheme en bed above 

[01 25] Fig Q A / - 

showing a knoi 04 thai 1 pacer advance- 

ment subsystem. Spacer 1 f 506 can be seen 

in side profile. A button 508 for freeing the pin (not shown 

ts in this figure) from spacer location piate 506, A button 
51 0 frees ) he rest of system 500 to rotate relative to nan- 
die 502. As the spacer advancement generally requires 
great force, knob 504 pre er nc! tides a significant 
lever and/or r i - referabfy button SIC s 
used after the spacer is locked to its bolt and/orthe pote- 
etement has been at feast partly unscrewed, however, 
this is not essentia!. 

[0127] A knob 512 is provided as part of the collar re- 
s ' A gear b1fc>, rc*ateo by knob 5 4 
as engages a linear gear 518. A collar location plate 520 
can be seen on edge. A pn locking n < i 
be described below. A button 514 on knob 812 is used 
) eas i inism522at i the pin from col far location 
plate 520. 

[0128] Fig. SB is a perspective view of system 500 from 
Its other side, showing looking mechanism 522 and collar 
location plate 520 in greater detail. In particular, a plurality 
of holes 530 in coilar location piate 520 are shown, 
[0129] Spacer advancement is achieved by the tota- 
ls tion of krsob 504 advancing a free-turning (or counter- 
threaded) bolt {not shown in this figure} having a plurality 
of pins 528 ext n y fron These pins 

=3 gaged i rictine 'he 

bolt (and! he spacer advance -t | near motion 
*> [0130] Fig, SCisacut-throughviewof Fig. 88, showing 
spacer location piate 506 in greater detail, especially a 
plurality of holes 532 tor an elasticaily biased pin 534 to 
engage when he pin is adja r m if the holes 
[0131] Knob 504 turns a threaded axis 536, having 
-'-> mounted on ■; a free-rotaung, threaded or a counter 
threaded boif: 538 (from which pin 528 extends). 
[0132] Apoieelemer 10 s.t t es bolt 408 {not 
hown) s f >oc: tn place t - lie 50? A spacet 

pushing rod 542 s nh it u - tion of eat 

so gear 51 8. A collar 404 is advanced by the motion of linear 
gearSiSand Reacted by IN wfionofa i 
assembly 544 coupled to gear 51 6, 
[0133] A s - emeni 540 

from bolt 408, alternative to using button 510 (Fig, 8A) is 
to extend poie element 540 through threaded axis 536, 
until knob 504. A button (not shown) may be provided to 
couple the notati r i to clems '540 or a sep- 

arate knob may be provided. Thus, when deployment of 
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the space c i 40 can be easily 

rotated This solution may also be applied to the other 
embodiments described below. 
[0134] 1 trates the toe rg mechanism for 

the collar motion in greater detail. A pin 554 is urged by s 
a spring 550 in knob h 12 * colfa ocafion ptaie 

f A . pies res. button 5 1 4 

and locking mechanism 522, to retract pin 554 from the 
c - ! j a ie i r eecte 1 

?e 

ALTERNATING PIN EMBODIMENT 

[01351 i-i r 1 ' , y ontrc syste i 

600, utilizing an alternating pin. In accordance with a pro- 
fs 

[0136] Unlike system 500 of Figs. 8A-8D, system 600 
uses a cortiin rots i f a gear S06 to re 

tract a linear gear 604 and components attached to it 
■ g 808 in a handle 
602 of system 600, ; -» 
[0137] Another difference from system 500 is that in 
system S00, as implemented, spacer 402 is not ad- 
vanced, instead, both boil »C3 and collar 404 are retract- 
ed. 

[0138] Fig. 9B shows in detail an alternating pin meeh- as 
anism for selectively refracting witt 604 either 

collar 404 or bolt 408. 

[0139] Pole element 540, which retracts bolt 40S is 
rxedt b ' i factor 610. Apin612iip c k tc 
vent rotation of retractor 81 0 anoYor prevent un-powered 30 
axiai motion of retractor 610. 
[01 40] A plurality of holes 6 1 4 are formed in retractor 
610 for receiving a pin 618. When pin S18 is in one of 
holes 614, linear gear 604 is coupled to retractor 610, by 
pin 618, so that backwards motion of gear 804 causes 
retraction of bolt 408. Pin 618 is urged towards retractor 
610 by a spring 820. However, a plurality of inclined 
planes 621 which are pre re 1 veto handle 

t 6 J a , ft moves backwards with linear gear 
604 and urge pin 6 1 8 away from bolt retractor 61 0, to a * 
colter retractor 622. Also collar retractor 822 preferably 
has a plurality of holes 624 formed in it for engaging pin 
818. Collar retractor 622 is preferably coupled to collar 
404 so thai I redt molit | 504retf 'ar404. 
As colter retractoj 622 and pin 618n :Ove backwards With ■*$ 
linear gear 604. pin 608 moves closer to s hole 614, 
which, once res I >t and decouples 

ti tractoi tr gear 604 

PULL-PULL EMBODIMENT so 

[01:41] Figs. 1QA-10B illustrate an eccentric-rotation 
based delivery system 700, in accordance with a pre- 
ferred embodiment of the invention. 
[0142] in this embodiment a kn >b 702 is us ad to rotate ss 
a wheel 704 (the reference number points to a covering 
of the wheel, as he ri fth v\ jo F * d 

motion of the two arms are attached to the wheel, at off- 
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axis positions, such that U ■■ advances one 

i the of n ta If of its rotation 

and retracts the ■ e otner arm on 

its other half of rotation. One arm is a bolt retraction arm 
TOSandtheomerarmisaeoilarretraction arm 708. Each 
of the arm, when it refract- engs j- s nobbed bar that 
^ soupfedto a n > r • > ! W -en ;} a jrms 
advance, they slip forward, over one or more nubs to the 
next nub for retraction. 

[0143] CoiSar retraction arm 708 engages a nubbed 
bar 71 0, having a plurality of one-way nubs 71 2 formed 
thereon. Nubs 71 2 are flat on one side, to engage a flat 
aperture formed (crprotr; ■•„ ,n) in arm 708. The nubs are 
r litit-d a T t nciineo sorfac 

of asm 708 to slip over them, when the arm advances. 
[0144] Am ism i ied for arm 708 

and its associated bar 714 and nubs 716. 
[01 45] it is noted that in this and other embodiments, 
the distance between the nubs (or aperture sin other em- 
bodiments) Is selected to achieve a desired amount of 
motion of the collar and/or bolt. Thus, also the retraction 
not on o the a ms ayinclud Pf age T the arm 

against the bar, rather i e off axis as- 

sistance between the ami sod the wheel axis, can also 
be usea to co r ": >i tne for< ve girt< and the amount 
of retraction possible. 

[0146] In the figures, the bolt, spacer and sleeve are 
shown extending directly from device 700, however, in 
some embodiment, a pole element is used for retracting 
the boit and/or a spacer pusher is used for coupling the 
spacerto device 700. In device 700 as shown, the spacer 
does not move relative to device 700, so device 700 ad- 
vances as the spacer axiaiiy contracts. 
[0147] Although amis 706 and 708 are shown to be 
1 80* apart from each other, in some embodiment, a dif- 
ferent angular difference is used, so that there is an over- 
lap in their adv, i nj" otions. 

PUSH-PULL EMBODIMENT 

[01 48] Fig. 1 1 illustrates an alternative eccentric -rota- 
tion based delivery system 800, in accordance with an- 
other preferred embodiment of the invention, 
[0149] Systet > rates two features desirable in 

some preferred embodiments of the invention: 

is) advancing spacer 402 white maintaining boit 408 
in place; and 

b) reduction of noma i 1 - applied to 
spacer 402. 

[0150] Th se r s aisymd pend 

en and one may be pn I n ^ other 
[0151] As wifi be seen from Fig. 11 and the following 
description, feces at s ire general v 

the hie est force applied du - iapioyment, are 

applied ubsfat t axiaity, so t! > leislttteorno 
twisting and/or bt - ment in some cases forces 
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of 30, 60 or evet Kg may t if to the spacer, 

to expand it 

£0152] Likesy is 1 0A and 108, eccentric 

motion of a wheel is used fo alternate advancing and 
retraction of arms. However, unlike system 700, in sys- 
tem 800, one a m ictivewh 1 a ng and the other 
while retracting. 

£0153] A knob 802 is used to rotate a wheel 804 and 
a wheel 806 * some em ; r ^ hese wheels rt 
elude a gear re t m anlsm for reducing motion 
while increasing force. 

£01 54] Wheel 806 is coupled to an am; 808 which en- 
gages a .nobbed bar St 0 wi > t 3 thereby retract- 
ing: collar 404. As in sys- 508 advanc- 
es, it can slip over one or more one-way nubs 812. it 
shou d on r/ci 308 is en b y near t se ax s 
of device 800. 

[0155] Wheel 804 is coupled So an arm 814 which is, 
rt torn couple i i t centered on ths 

axis of device 800 A nub engag , 51 8 is coupled to 
cylinder 816. preferably using a Seat spring 824, so that 
it can engage a nub 822 of a nubbed bar 820, when it 
advances. When arm 814 n t - he 818 detracts 

and slips over the one-way nubs, as In system 700, 
£0156] Although Fig. 1 1 does not show a sheath. Sys- 
tem 800 is preferably i 

SPACER REMOVAL 

£01573 Although the spacers are te ami 

iy implanted, it is sometimes desirable to remove them, 
in a preferred embodiment of the Invention, the same 
devices used for implanting the spacers are used for re- 
trieving them, being activated backwards (the collar ad- 
vancing and the spacer retracting or the bolt advancing). 
Using dedicated devices is useful for controlling the di- 
rection n which t a ax ally grow and to ensure 
that the uncoilapsed spikes do not scratch the surround- 
ing tissue. In some cases, it is necessary to unlock the 
bolt from the spacer end, for example by cutting or by 
bending in a flange of the bolt, 

DELIVERY SYSTEM FIXATION 

£01 58] In a preferred embodiment of the invention, the 
delivery system is hand-held, being fixed in two dimen- 
sions by a i ss Space 55. 
Ths deliver) < , < d t fhe tube to 
prevent axial motion and/or rotation. Generally, it is de- 
sirable that the system needs to be held with at most one 
hand (or no! d - r ti i ypedom ng 
various activities, in some cases, the free nand is used 
o rotate !) he s{ 
[0159] i ii k jy of the delivery 
system is fixed to the patient's body {possibly visa frame- 
work) and/or to the bed on which the patient lies. Many 
fixing met! om ^ p e tne delivery 
system being clamped to the bed. Alternatively, other 



fixing methods f sample as t irological pro 
cedures, may be used. 

[0160] in some embodiments, the operator's hand is 
not mechanically coupled to the del-very system, for ex- 
ample the delivery system being controlled using a flex- 
ible tube or wire or • n wl ass means. 
[0161] in any of the above embodiments, power for 
expanding the spacer may be provided by a motor, rather 
than from the operator, however, in many cases it is de- 
m sirable to provide feedback, especially tactile feedback, 
to tne operator regarding the expansion of the spacer. In 
a preferred embodiment of the invention, non-tactile 
feedback is p c , l < r « 

ative motion of the bolt and the spacer or a sensor that 
?s measures the forces applied top the spacer. In a pre- 
ferred e Loot f 1 - 1 ne orces exceed 
a threshold, d N 't not match 
an expected force pattern or if the motion is unusual, an 
aiert is provided, for example an audio alert. 

so 

LOCATION CONTROL 

[0162] Intheemboon t rbovo a rigid 

tube is used to control tne trans -sxia; and/or axial location 
as of the be livery system and the spacer and a body stopper 
is used to limit the axiai motion of the spacer. However, 
i son ibodin nts such control may not be suitable 
or sufficient. In a preferred embodiment of the invention, 
the implantation of tubes 
30 femal medical imaging techniques to prevent damage to 
nerves, blood vessels and other adjacent tissue. Alter- 
natively, visual imaging, such as using an endoscope, is 
used, Alternatively or additionally, ultrasonic imaging is 
used. Alternatively or additionally, local MR: imaging, tor 
35 example using a local coil (possibly inside the body) is 
used Such ima o< ty be | i through the 
access tube arid I Salivary stem, beside the 

delivery system or instead of the delivery system, I n some 
cases, a second tube with the r«K 
40 Altema nsor may be 

coupled to the tools and usr ■ ref enceco • a* 1 
body, a position of the tool and/or proximity to various 
body structures can be determined. Such a display is 
known in fhe art and can be overlaid on a two or three 
*s dimensions! image of the body. 

[0163] A position sensor or an ultrasonic imager may 
be integrated with the bolt of tne spacer. 
Alternatively, such a bolt Is hollow ar is not needed. Space 
c a s genera yf ec soas n\ trasouio d tance se i 
so sor may be sed to detect if a tool 1 jda 

areas. Possibly, s Ooppler signal is used to detect the 
\ srsigna can be 

time gated. 

[0164] Alternatively, a fixed framework to which all 
ss tools are coupled is used The allowed motion of the tools 
relative to the framework can be fixed mechanically or a 
sensorcan a- 1 - the t r jnd generate a signs f an 
allowed ball park is exceeded. 
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[01 65] Although the above described sleeve 1 02 can 
serve as such a framework, it is useful if the delivery 
system is coup - te she body and 

thai sleeve 1 02 can be fixed in place in the body, for 
example using an expanding lip or a barbed tip. In one s 

' o sleeve 102 and 
retracted by rotation ol the collar. Alternatively or addi- 
tionally, the delivery system may be so fixed to sleeve 
■ 02 Alte natk i ! i / . )f it- s the 

end of trie spacar to sleeve 102 ts provided to limit or n> 
sense -notion e end of < ^ a$ the spa v e s 
not solid, this limiting tool can remain in the body while 
the spacer is being expanded, 
[0166] The 

useful if one or more of the too s -te 1$ 

NON-AXIAL VARIATIONS 

[0167] As described above, the various toots are gen- 

; ' , iand r ; * ' . -sever, in some embodiments so 
of the invention, bent tools, such as tubes and delivery 
systems, may be used. Alternatively or additionally, ftex- 
ble tools tubes 3 ie ns may be used 

[0168] If Is noted that although the above described 
ct vices 3t ie the body, a sas ;s 

t i' i these devices rney 

be used to expand an implant outside of a living human 
body, for example In the air, In a model, Its an animal or 
inside a cadaver. 

[0169J it will be appreciated that the above described 30 
apparatus and methods for delivering expandable inserts 
may be varied in many ways, In addition, a multiplicity of 
various features, both of methods and of devices have 
escribe i It should be appreciated that different 
features may be combined in different ways, in particular, 35 
not si; the features shown aoove in a particular embod- 
iment are necessary in every similar preferred embodi- 
ment of the invention. Further, combinations of the above 
i t to be within the scope of 
some preferred embodiments of the inventors, the scope *> 
of the nventio! being tefined by the appended claims. 
Section headings where they appear are meant for clarity 
and ease ot bro , cat h ar J a n t fc bt 

nstrued as ttmii 1 t e i !e 

described within. When need in the following claims or ->-> 
In the text above, iiietenns "comprises", "comprising", 
"includes*, "including" or the like mean "including but not 
limited to". 



Claims 

1, Apparatus rtaflon of an im- 

piant{4 Sv r comprising: 

a force application mechanism (604, 606, 610, 
S40) for applying i * > • ce to the impfant 
(402), by axial motion of a force applicator (408) 
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against the implant (402); and 

a restraint element pos tier i g mechanism (622) 

that positions . 

thatthe deto, — 3nt { 102! ;s con- 

trolled by restraint of the restraining element 
(404) on allows det -net c a 3 
a synchronizer (610, 618, 622, 824} that syn- 
chronizes the motion of the restraining element 
(404 ancii ' t 8) to k neve 

a Jesi ed defom at ' , lant 102) 

2. Apparatus according to claim 1, comprising a force 
nput (702) wh s motion and 
couples it to the force application mechanism (704, 
?08 : 7-0; and to the restraint element positioning 
mechanism (706, 71 4, 71 6). 

3. Apparatus according to claim 2, wherein said con- 
tinuous motion Is reciprocating motion. 

4. Apparatus according to claim 3. wherein said re- 
straint positioning mechanism moves said restraint 
element (404) during one stroke of said reciprocating 
motion. 

5. Apparatus according to claim 4, wherein said one 
stroke c > « tfrairft mech- 
anism (404) from said implant (402). 

6. Apparatus according to any of claims 3-5, wherein 

i >n mechanism (704 /OS 710) 
moves said force applicator (408) during one stroke 
of said reciprocating motion. 

7. Apparatus according to claim 6, wherein said one 
stroke corns ~> r rfsaidfe eapplktatoi 
(408) from said implant (402), 

8. Apparatus according to claim 6, wherein said one 
stroke comprises an advance of said force applicator 
(540) towards said implant (402). 

9. Apparatus according to any of claims 2-8, wherein 
said force application mechanism (704, 708. 710) 
comprises a selective coupler (708, 712) that selec- 
tively couples said input motion to said force appli- 
cator (408). 

10. Apparatus according to any of claims 2-9, wherein 
sate ale- en j '06 ?14 716) 
comprises a selective coupler {708. 71 6) that selec- 
tively couples said input motion to said restraining 
element (404). 

1 1 . Apparatus according to any of claims 2-1 0, wherein 
said syt c vO'^pnses a 
plurality of cycles of positioning said restraining ele- 
ment (404 a . o force. 
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1 2. Apparatus according to any of claims 2-1 1 , wherein 

i d m I r n ed - fy *o said re- 

straint elemt s chanlsn (SOB 81 Q 

812) and s anisn <E 6 

318, 820). 

13. Apparatus according to any of eiaims 2-1 1 , wherein 

■ ;d alternately to said estraint 
element pos 1 M >6 -1 ' r nd 

to said force at < /< 8 1 n 

14 A[ pai it j ii H ' trip si 4 5 r si- 

te nating Oct r g i -< f > ' that ate nate y 
couples the roctson from the force input (504) to the 
"•rm' ' t > 512 5 4 

518. 518) and to the force apoiication mechanism 
(540). 

15. Apparatus a jtoa of s >• 14. wherein 
said force - wai force input 
(702). 

16. Apparatus f ims 2-14 wherein 
said force input {702} comprises a 'notorized force 
input, 

17. Apparatus according to any of eiaims 1 -i 6. wherein 
said synchronizer (704, 706, 708, 710. 710. 714) is 
integrated with said mechanisms (706, 714, 716) 
(704, 70S, 710). 

18. Apparatus according to any of eiaims 1 -1 7, wherein 
said synchronizer (512, 5 f 4, 516. 518} is manual, 
providing an indication to an operator to switch be- 
tween the mechanisms 

1 9. Apparatus according to any of eiaims 1-17. wherein 

said synchronizer (704, 706, 708, 710, 710. 714) is 
automatic, switching by itself between the mecha- 
nisms (706, 714, 718) (704, 708,710). 

20. Apparatus according to any ot eiaims 1-19. wherein 
said synchronizer (614. 620. 618} comprises a pin 
extractor for decoupling a pin {618) from one mech- 
anism and coupling the pin to another mechanism. 

21. App f tus " J rn 20, wherein said syn 
chronizer (814, 620, 818) comprie.es a spring (620) 
for urging said pin (618) towards one of said mech- 
anisms and r 62 

said pin ;61S) from said one mechanism arid urging 
sadpn (8 -anism. 

22. Appaiatu: s 21, wherein 
said synchronizer (614, 820, 613) blocks the motion 
of one of said mechanisms when a desired motion 
effect of said mechanism it; achieved. 
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23. Apparatus according to claim 22. comprising a pin 
{622} that ©nga t effect said 

looking 

s 24. Appa Ty,* (ims 1-2 whereit 

said restrain net r (706. 714, 7 16) comprises 
anuneve^v - iten nt for coup igsaid 
motion to said restrain! element (404). 

« ; 25. Apparatus according to any of claims 1 -24, wherein 
said force appfication at n (704, 708, 710) 
comprises an unevenly surfaced element (710) for 
coupling said motion tc i 7 ;ator(408) 

o- 26, Appa f > - 5. when; 

said unevenly i 7 3,71 4) compris- 

es a nubfaed plate (71 0, 71 4). 

?'' « i f . t f r % I 

(712, 71 6) are one-way nubs that aiiow an ami ele- 
ment (706, 708) of said mechanisms to slip overthem 
when the am - t lativetothe 

nubs and engages the arm when the arm travels in 
the opposite relative direction. 

28. Apparatr is aroontog to any of claims 04-25, wherein 
said unevenly surfaced element comprises an aper- 
lured plate (610), 

30 29. Apparatus according to any of claims 24-28, wherein 
said uneven surface comprises even surface por- 
tions separated, by uneven surface portions, a plu- 
rality of separation distances del tic 
ration of surface portions. 

35 

30. Appa v ' - Jf' etn said sep 
aration ast i . s r Tattoo of said 
implant (402). 

31. Apparatus according tocfaim 29 oreiaim 30, wherein 
said separation distances take into account a piastre 
deformation of said implant (402). 

32. Apparatus according to any of claims 29-31 . wherein 
*5 . - ee tak : n O ween. 1 < i 

tic deformation of saici implant (402). 

33. Apparat sa < 1 oanyo 'si $29-31 wherein 
saidsepa i to account i spring- 
so back of s i in jnt j 102) 

34. Appa it - j3 where.n 
said fa ce i rceapoiicatlot 
mechanism (704, 708. 71 0} are substantially restrict- 
ed eci to a stratghf, narrow, elongate volume, thereby 

reducing moments on the force application mecha- 
nism (704 ; 708, 710). 
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35. Apparat f$ s 34 wherein 

aid force ap r * sh against said im- 
piant (402). 



48 Apparatus a < t? vhetam said re- 

straint c-vr f i f ppifcetor(l 0 

are cylindrical elements. 



36, Apparatu 34 wherein 

aiti force ap t ' ~ 3 jail st & fai 

side of said implant (402). 



a i ordirtg to any of ' r wherein 

said force appiicator (408) exhibits axtai motion, 
along an axis siscator (408) 

and the implant {402}. 



s accord in _- * 3?, wherein 

sa d force apolicato- - ..mal motion, 

around at ixis o forces pi ator (408) 
and the implant (402). 

39. Apps rata f t ; ' wf € r r s i fort « 
appiicator (408) exhibits only axtai motion, along an 
axis connecting the force appiicator {408) and the 
implant (402). 

40. Apparatus according to any of claims 1 -39, wherein 
said restrain! element (4041 axhi&fts axiat motion, 
along >.n s<*ianr--* . * tor (408) 

and the implant (402). 

41. Apparatus according to any of claims 1 -40, wherein 
said restraint element (404) exhibits rotational mo- 
tion, around an axis connecting the forca applicator 
(408) and the implant (402), 

42. Apparatus - 40 wherein said force 
appiicator (408) exhibits onfy axial motion, during 
times when * to the implant (402). 

ilong ao axis connect t < pp cator and 

the implant (402). 



s according to any of claims 1 -42, wherein 
said force app : it I (8 pp es at least 20 Kg to 
said implant (402), 

44, Apparatus according to any of claims i -42. wherein 
said ft i <i t it least 40 Kg a 
said implant (402; 

45. Apparatus according to any of claims i -42, wherein 

ipplicafor (4 tt is; 0 Kg t 

sa:d implant (402). 



46, Apparatus i fin y N f e at rs 1 

s ud force at 1 • ' east tOt f 1 3 to 

said implant (402). 



49. Apparatus a e r-43 wherein 
saideyfro' 1 - t 

50. Apparatus scecu \ ">-49 wherein 
said force applicator (408, 71 0) comprises two con- 
centre e s 0) which ap- 
plies Otoe awards said 
implant (402} and an inner counter force element 
{408) that applies force from said implant (402; to- 
wards said apparatus. 

51 Apparat - it nsaid i mer 

element is mechanically eoupied to said implant 
(402). 

52. Apparatus according tc jiain Li wherein said outer 
element is mechanically coupled to said implant 
(402). 

53. Apparatus according to any of claims 50-52, wherein 
said motion of said force applicator (408) comprises 
motion of only 

ative to said apparatus. 

S4< Apparatus according to claim 53. wherein said inner 
eiamerst retracts toward;; said apparatus doling said 
motion of said force appiicator (408). 

55. Apparatus according to claim 53, wherein said outer 
element advances away from said apparatus during 
said motion of said force applicator (408). 

56. Apparatus according to any of claims 50-55, wherein 
said inner element is decoupled from said implant 
(402; by unscrewing it. 

57. Apparatus according io claim 56, wherein said inner 
element extends substantial!;/ all the way through 
said apparatus. 

58. Apparatus according to any of claims 1 -57, compris- 

lg a ha pa ati 5 by an 

operator. 

59. Apparatus according to any of claims 1 -58, compris- 
nc -oea s t s patient 

60. Apparat, ! 69 compos 
Ing means ed on which 
said patient ties. 



47 Apparata i i a s 1 46 wherein 

i re i r - 5 f. ocfoi 

(408) are elongate elements. 



61. Apparatus s > whereif 

said synchronizer {704, 708, 708, 710, 710, 714) 
adapts said apparatus for deforming a particular im- 
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plant (402) » etoJ 1 yp« ' * ' , 1 ' - 
ing different geometries. 

62. Apparatus according to any of claims i -81 ,, wherein 
said synchronizer (704, 706, 708, 710, 710, 714) 
sync hrortiz ' * r (408} to apply 
force to said implant (402} after said implant (402) 

« > Jed 

63. Apparatus < t« 1 8. whe ein 
said restraint eiemertt (404) has an outer diameter 
of (ess ihan 7 mm. 

64. Apparatus ac< iing iy -is 1 -62 wherein 
said reslu* '■ --as an outer diameter 
of tess than 6 mm. 

65. Apparatus according !o any of claims 1 -62 wherein 
said restraint eisn ertt (404) has an outer diameter 
of iess than 5 mm. 

66. Apparatus according to any of claims i -62 wherein 
said restrab ?a h « • 4) has an outer diameter 
of iess than 4 mm, 

87. Apparatus according to any of claims i -66, wherein 
saW implant Z isj i 402} for fusing 
adjacent vertebrae. 

68. Apparatus according to any of claims 1 -66, wherein 

>) is; waliyc traeting and rad 
ally expanding implant (402). 

69. Appsratits according to any of claims 1 -66. wherein 
-said implant (402) comprises a slotted tube (20). 
which as it contracts, ractialiy extends a plurality of 
spikes {412, 414; and wherein said restraining ele- 
ment (404) encloses said tube and prevents the ex- 
tension of at ieasi one of said spikes; (412, 414). 

70. Apparatus according to any of claims 1 -66, wherein 
said implant (402) comprises a slotted tube (20), to 
which force s apj i n end of said tube-, 
to deform the tube. 

71. Apparatus according to any of claims 1 -66. wherein 
said implant ('102? radially expands by said deform- 
ing at least by a ratio of two. 

72. Apparatus according to any of claims i -86, wherein 
said implant (4 > said eieforn 
ing at leas; by a ratio of tour. 



Patentsnspruche 

1. Vorrichtung i roung ernes ex- 

pan si onsfahigen medizfnischen Rohrs (402) wah- 



rend dessen Auabringung, umlassend; 

einen Krafeufbringmechanismus (604, 606, 
610, 540) zum Aufbringen einer Verformungs- 
s kraft auf das < <e t si 3 

Rohr (402) durch sine axiate Bewegung einer 
Kraftaufbfingelfirichtung (408} gegen das ex- 
pans ons 8hige - - Robi V. 2) und 
einen Seachrankungselementpos'ftionierme- 

10 cf S^j J- 62 ! d^ e [ ■< i i 

ment (404} positionlett, so dass die Verformung 
des expansionsfShigen medizWschan Rohrs 
(402) durch Beschrssnkung des Beseh rankungs- 
elements (404) auf sine zulassige Verformung 

«>' gesteuert wird; und 

sine Synchronisiereinrichiung (610. 613, 622, 
624), die d:s Bewegung des Beschrankungseie- 
me i04) und de auSbrit 
{408) synchrontsiert. urn eine gewflnschte Ver- 

;* formung des expansionsfat-igen medizimschen 

Rohrs (402) zu erreichan. 

2. Vorrichtung f t ssendeine Kraft- 

zufuhrein ci i >2).d - r ^ ko it rsuieriiche Pe- 
ee wee wfr ' r i c drafts , te 
chanismus (704, 70S, 710) und mit dem 
SeaohrSnKungseiemantposaionianTsechanismus 
(706, 714 ) 716)koppeit 

30 3. Vorrichtung nach Anspruct « d« < ;!er 

liche Bewegung eine Hm- und Heroewegung ist. 

4. Vorrichtung nach Anspruch 3, bei der der Zwangs- 
fuhrungspositio anismus das BeschrSn- 

55 kungsefement ',AC-*-^ a l.s der Hin- 

und Herbewegtmg bewegt 

5. Vorrichtung nach Anspruch 4. bei der ein Hub ein 
ZurOckiiehen des Zwangsfubrungsmecbanismus 
(404) von dem expanstonsfahigen medizlnischen 
Rohrs (402) umfasst 

6. Vorrichtung nach einero der Anspruche 3-5, bei der 
der Kraftsufbringmechanismus (704. 708, 710) die 
KrafiaufbririyeinriclitLirig (408) watnend ernes Mobs 
der Him und Haroewagung bewegt. 

7. Vorrichtung nach Anspruch 6, bei der der eine Hub 
ein Zuruckziehen der Krafiaufbringeinrichiung (408) 



8. Vorrichtung n \ - ier der sine Hub 
ein Vorrdcken de; Kt rung (540) in 
Richtursg auf das expansioiisfahige rnedrzin;sohe 
Rohr (402) umfasst, 

9. Vorrichtung nach einem der Ansprfjehe 2-8, bei der 
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det Kraftauft t nus 70b 708 7i0i e 
nen safektiven Koppler {708, 712) umfasst, der die 
rh J vr ■< xx i <rsft fffaringeinfich- 
tung (408i selektiv koppeit. 

10. Vorrichtung nach einem dar AnsprDche 2-9, bei der 
der E err shanismus (706, 714, 
716) einen seiektiven Koppier (706, 716) umfasst, 
der ir ?uge te * 3 g -nil dem Bes hrari 
kungseiement (404) seiekiiv koppeit. 

11. Vcrrk he 2-10, bei de 
die sync rc 6 ho enn st e 

i f t ierens des 

- hf und eines <vuf i 

gens der Kraft jmfasst 

12. Vorrichtung nach einsm der AnsprOche 2-11, bei der 
die Sewagurtg glefchzettig auf den Beschranktings- 
eiemenipcsit - ar rws 808 8)0 812) 
ma tit Kraf 8« 818 8 0} 
aufgebracht wird. 

13. Vorrichtu j> h< < si - 2 1 1 be del 
die Sewegungaitemiemndauf den Beschrankungs- 
^t-r- " t <- - ^is (706, 714, 716) 
und den Kraftaafbringmechanismus (704, 708. 71 0) 
aufgebracht wird. 

14. Vorrichtung nach Anspruch 13, umfassend einen a!- 
ternierenden Arretiemneehanismus (522), der die 
Sewegung von tier Kraftzuf uhreinrithf ung (504; ai- 
ternierend mit dern BesciiranKungselemantposRio- 
niermechanismus (512, 514, 516. 518) und mit dern 
Kraftaufbringmechani! mus (540) koppeit. 

15. Vo ichtung 1 he2-1d.be tier 
die Kraftzutuhreinrichtung (702) eine manuelie Kraft- 
zufehrein richtung (702) umfasst. 

16. Vorrichtung nach einem der AnsprQche 2-14, bei der 
die Krafteirfunreinrtehtuog (702) eine motorisierte 
Kraftzufuhreinrichtung umfasst, 

17. Vc richU gnacli einen i. t A -i ohe 1-18,1 cie 
die Synchrortisiereinrichtung (704, 706, 708, 710, 
710, 714) mit den Mechanisms* (706, 714, 7161 
(704, 708, 710} als EmheD ausgebiidet ist. 

18. V< riehti gr; i \nspriiche 1-17, bei de 
die Synchronfeiereinrichtung (SI 2, 5i 4. 516, 518} 
mnue st, wobei eine Anzeige Bedienper 

za schaiten, 

19. Vorrichtung nach einem der AnsprQche 1-17. bei der 

richtung t?04, 706, 708, 710, 
710, 714) automafech ist, wobef sie von seibstzwi- 
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schenden Mechanismen (706, 714, 71 S) (704, 708, 
710)schaitet. 

20. Vorrichtung nat r i | i a 
* die Synchronisiereinrichtung {614. 620, 618} eine 
SWtauszioho t 1 - > t t r - ^ Stift i.6 1 S) 

van einem Mechanism us zu erstkopoein und den Stift 
nit einem a 1 - u zi kc jpeii 

« ; 21. Vorrichtung nach Anspruch 20, bei der die Synchro- 
nisiereinhchtung (6U. 620, 618) eine Feder (620), 
urn den Stift (61 8) in Richtung auf einen von den 
Mechanismen zu arangen, und einegeneigte Fiache 
(621), urn den Stift (618) von dern einen Mechanis- 
mus zuiruckcuzieher, unci den Stilt tfolS't in Richtung 
uf den an i dr§ tg< o umf isst 

22. Vorrichtung nach einem der AnsprOche 1 -21 , beider 
die Sync g (6 1 4, 820, 61 &) die 8e- 

so wegung von einem von d Wiecha i 

wenneinec < - i virkungdt sMa 

chanismus erreicht ist. 

23. Vorrichtung nach Anspruch 22, umfassend einen 
as Stift (522), der mil e'mer Offnung (520) in Eingnt? tritt, 

urn da<: Arretieren zu bewifken, 

24. Vorrichtung nach einem der Anspruche 1 -23, bei der 

sm = x n<o 71 J 716} 
ein Eisn?ent mit unebenerObarfiScha (714) umfasst, 
u ti die Bewegu ig nit dam Bes i k 
{404) zo koppein. 

25. Vorrichtung nach einem dor Anspruche 1-24, bei der 
AS dor Kr;4tau?bnngrnecnanismus (704. 708, 710) ein 

Element mit unebenerOberflache (710) umfasst, urn 
o o Sew j Hung (408) 



■*o 26, Vorrichtung nach einem der AnsprQche 24-25. bei 
derdas Eiement mit unabener Oberfiache (71 0, 71 4) 
eine Nopper;p:sUe {710. 714) umfasst. 

27. Vorrichtung nach Anspruch 26, bei der die Happen 
{712, 716) Einwegnoppen stnd, die ermbgliciiesy. 
'.lass ein Armeiement (706, 708) der Mechanisrnen 
Oder sie gfeitet, wsnn sich der Arm in emer Richtung 
in Bezug zu den Noppen bewegt, und mit dem Arm 
in Eingriff tretea wenn sich der Arm in der entge- 
gengesetj ttven R'tchti 

28. Vonrfchtursg nach einem der Anspruche 24-25, bei 
derdasEe" * i beneri - ache eine Loch- 
platte (610) umfasst. 

55 

29. Vorrichtung nach einem der Anspruche 24-28, bei 
der die unebeneObe > s - rria he '^c 
umfasst, die durcft tinebene Obertl&chenteiie ge- 
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trennt sirsd, wobei eina Mehrzabi von Trennungsab- 
stSnden duroh die Trertnung der Oberffacbeniefe 
begrenzi ist 

30. Vorrichtung nach Anspruch 29, bei der die Trert- 
nungsabstande die VertonTiung des expansions©- 
Ngen medizinischen Rohrs (402) bestimmen. 

31. Vorrichtung nach Anspruch 29 octer Anspruch 30, 
bei der die Trennungsabstande eine Kunstefoffver- 
formung des expansionsfShigert medtzin'sschen 
Rohrs (402) berucksichtigsri. 

32. Vorrichtung r i ' • t f ie 23-31. bei 

ii ' astische Vertcr 

mung des expansionsfShigen medizinischen Rohrs 
{402) bemcksichttgen. 

33. Vomer! j ij nach einen A tichs 29-31 bei 
der die Trennungsabstartde ein Zuriickspringen des 
nxo nsi ' bet F us (402) be- 
rucksic-htigert. 

34. Vorrichtu g nach < she 1-33, be del 
die Kraitau t )S) und der Knaftau 
brfngmeohanismus (704. 70S, 710)iro Wesentltchen 
auf ein gerad t j i , 1 ktss Voturrsen 
beschrankt stud, wodurch Momenta auf den Kraft- 
mis (704, 708 0) verringeri 

werden. 

35. Vorrichtung nach etnem der Anspruche 1 3-^,bsK(er 
die Kraftaufbnngeinrichtung (408) gegen das expan- 
sionsfshige meaizinsche Rohr (402) drQcki 

36- Vorrichtung nacbeinem der A.nspruehe 1-34, bei der 
dieKraf! u i 

eine wester entfernte Seite von dem expansionsfa- 
higen medizinischen Rohrs (402) zteht. 

37. Von ich sin it A c * 6,5 

die Kraftaufbringeinrfchtung (408) eine axiaie Bewe- 

t ftchs iie die Kraftauf 

)H tun 1 - 1 > ) tin J iit u\ - ' f, 'Kjerv j 
zinische Rohr (402) verbindet. 

38. Vorrichtung he r > he 1-37 >•><; uei 
Jie Kraftauft 5 ig 40S sire Drebbewe 
gung urn erne Achse ;:e:g;, die die Kuiftauibringein- 
tehtuig (403 i germ iiz 
sche Rohr (402) verbindet, 

39. Vorrichtung < Je dieKraftauf- 
bringeinrichtung (408) nur eine axiaie Bewegurig 
entiang einer Achtse z&<gu die die Kraftaufbringem- 
richtu q (408) i £ ;e TiedlZ 1 
sche Rohr (402} verbindet. 
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40. Vorrichtung nach einam der AnsprOehe 1 -39, bei der 
des Beschi-ankungselement (404) eine axisleBewe- 
gungentiang \ ii a Kranaufbrin- 
geinrichtung (408) nd > v nsfahige medi- 

s zinische Rohr (402) verbindet. 

41. Vorrichtting nach einem derAnsprOche 1 -40, bei der 
das Bescfi g (404 eine Drehbewe- 
gung un e ' < iftatrfbi ngem 
nchtung (403; und das expans'tonslabige mediziro- 
sche Rohr (402) verbindet. 

42. Vorrichtung nach Anspruch 40. Dei der die Kraftauf - 
bringetnrichtung (408) nur sine axiaie Sewegung 

'5 w&hrend Zeiten zeigt, wenn eine Kraft durch sie auf 
ia exf i Rohr (402) t nt- 

ang einer A i die Kra auf 

L t jmn icht i da - 1 ige medizi- 

nische Rohn'402) verbindet 

so 

43. Vorrichtung nacheinem der Anspruchs 1 -42, bei der 
die KresJtauf n - u» r iestens20kg 
auf das ex pes ts; tedizinii he Rohr (402) 
aufbdngt. 

44. Vorrichtung nach emem <is, r Ansprfiche 1 -42, bef der 

* > 1eatens40kg 
. J i ^ i t -t Ii in he Rohr (402) 

aufbringt, 

45. Vor i t sm der Ansprfiche 1-42, bei der 

ftauf! sinnchtu - ndestens60tcg 
autdasexpa sic antgf ed he Rohr (402) 
aufbringt. 

55 

46. Vi. i Ansprfiche 1-42, bei der 
die Kraftaufbringeinnchtung (403) mindestens 100 
kg auf das expansionsfShige metiizinische Rohr 
(402) aufbringt. 

4(1 

47. Vo r ■> der An prijehel -.ivbt 1 der 

e & und die K> f 
bringeinrichtung (408) sanggestreckte Etemente 
sind. 

48. Vorrichtung nach Anspruch 47, bei der das 8e- 
acbrankungsi 1 1 ' <raftautbri again 

chtsmg (540) > tier ind. 

49. Vorrichtung nach Anspruch 47 Oder Anspruch 48, 
be riet die yiinci scben ru - ' i 

50. Vorrichttinj a \ -49, bei ue* 
die Kraftauf i 0) zwei konzen- 
trische Eiemente umfasst, em aufieres Eiemem 
(710), das eine Kraft weg von der Vorrichtung in 
Richtung w das ex i 

Rohr (402) aufbringt, und ein inneres Qegenkraft- 
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element {408}, das efne Kraft von dem expansions- 
fahigen mediz'inischen Rohr (402) in Richtung auf 
die Vorrichtung aufbringt. 

51 . Vorrichtung nach Ansprucb 50, be! der das innere s 
Element nit dem ezpansionsfahigeri medizimschen 
Rohr (409) mechanisch gekcppelt tst. 

52. \. tung i Anspruch 5 • I 

ement nit dem ex • chen ; u 

Roe (4 2 i pelt te v 

53. Vorrichtung nach einem tier AnsprOche 50-52, be) 
der die Bewegung der Kraftaufbringeiririchtung 
(408) erne Bewegung von nur einem der Konzentri- f ? 
schen Elemente in Bezug 20 der Vorrichtung urn- 
fasst. 

54. Vorrichti ■ - ■ ch 53. bei der sich das in- 
nere Element wahrencf der Sewegung der Kraftauf- ®> 
bringeinrichiung (408) in Richtung auf die Vorrich- 
tung zuruckzieht 

55. Vorrichtung nach Ansprucb 53. bei der das auSere 
Element wihrend der Bewegung der Kraftaufbrin- ss 
gein richtung (408) wag von der Vorrichtung vorrOckt. 

58. Vorrichtung nach einem der AnsprOche 50-55. bei 
der das innere Element von dem expansionsfahigen 
fnedfzirtiecriert Rohr (402) entkoppeit wW, indem es 30 
abgeschraubt wird. 

57. Vorrichtung nach Anspruch 56. bei der sich das in- 
here Eienent im Wesentifchen den ganzen Wag 
dumb die Vorrichtung ersireckt. 55 

58. Vorrichtung nach e it * 1 57, um- 
fassend einen Handgrtff (502), urn die Vorrichtung 
durch sine Bed'senperson zu halten. 

■so 

59. Vorrichtung nach einem der AnsprOche 1 -58, urn- 
fassend Einrichtungen zum Betestigen der Vomctt- 
tung an dam Patienten. 

60. Vorrichtung nach einem der Ansprucite 1-53, urn- 
fassend Einrichtungen 2um Befestigen der Vorrich- 
tung an einem Belt, auf dam der Patient liegt 

61 . \ c e 1 60 oei der 

die Synchronisiereinrichtung (704, 706, 708. 710. so 
710. 714) die Vorrichtung adaptlert. urn ein speziel- 
ies expansionsfabiges medizinisches Rohr (402) 
von e nam S it ■ vc n tie - ; v >n expat s 
nsfahigan mad r < en t ntersch ed 

lichen Geometrien zu verforrnen. ss 

62. Vorrichtung nach einem der Anspruche 1 -81 , bei der 
die Synchronisiereinrtchtung (704, 706, 708, 710, 
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710, 714) d - ?08) sym 

chronisiert um einc Kraft ai * f i 

nediztnischs Rohr (402 1 nacbdem 

dassxpansto - - - .edizu hi Rohr (402) voB- 
standig expandiert tst. 

63. Vorrichtung nach einem der AnsprtSche 1 -82, be! der 
das Besc - seie - (404) einen AuBen- 
durchmesser von weniger als 7 mm auf waist. 

64. Vorrichtung nach einem der AnsprOche 1-62, be: der 
das Sesc kuric 1 104 einen AuBesv 
durchmesser von weniger sis 6 mm aufweist. 

65. Vorrichtung nach einem der AnsprOche 1-62, bei der 
das Beschr j 3s? en- (404) einen AuQen- 
durchmesser von weniger eis 5 mm auiweist 

66 

das Beset 1 • • k 4041 einen AuBen- 

durchrnesser von weniger e.; s 4 mm auiweist 

67. Vo r n he 1-66, bei der 
das expai s s 1 ntecftz nsche Rohr (402) ein 
Wirbeisauienimplantat (402) ist, urn benachbarte 
Wine I zu ftxieren, 

68. Vorrichtung nach einem der AnsprOche 1 -66, bei der 
Jssa> i - 1 ei edizimsche Rohr (402} sin 

<i h endes und radial sich expt die 

rendss expansions! ^ehes Rohr 

(402) ist. 

69. Vorrichtung nach einem der AnsprOche 1 -66, bei der 

Vir (402) ein 

geschi'ftztes Rohr (20) umfasst, das, wenn as sich 
kontrahtert, eine Mehrzahi von Spitzen (412, 414) 
sich radial erstrecken l&sst, und wobei das Be- 
rn st il clot und 

oie £ stre k iestens e nervon den Spit- 

zen (412, 414) vsrhindert. 

70. Vorrichtung nach einem der AnsprOche 1 -66, bei der 
das expansiorisrahige rnedizinische Rohr (402) ein 
geschlitztes Rohr (20) umfasst, auf das elne Kraft 
jegen n End ies -1 v wird urn das 
Rohr zu verforrnen. 

71. Vorrichtung nach emem der AnsprOche 1 -86, bei der 
sich das expa i onsfahige med't; msche Rohr (402) 
3. re las V< r ' ndestens un « n Varhaltri 5 
von zwei radiai expandiert. 

72. Vorrichtung nach einem cter AnsprOche 1 -86, bei der 
sfch das expansionsiahige mecfizintsche Rohr (402) 
durchdasVeri 1 stens um ein Verhaitnis 
von yier radial expandiert. 
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73. Vorrichtu j i e e • s he t -66, be der 
ias exf R % nr{402) ein 

Impiactat umfasst. 



Revendications 

1. Disposltff pcurccntrc!er la deformation d'umube me- 
dical exter-v merit de ceioi- 
ci, comprenant : 

u ecanisme d , ' tnCDI _Cc 

81 0, 540) pourappliquer une force de deforma- 
tion au tube n i 402} par jti 
mouvement axiai d'un apptlcateurde force (408) 
contra te tube rt tea >t ■ bie {402} et 
un m6can iep < ent d'element de 
restriction (622} qui positiorme un element de 
restriction (404) de telle sorts que ia deformation 
<k tube medical exte.r 

par lacomratnte de i'eiement de restriction (404) 
a une deformation admissible ; at 
un synchronisateur(61 0. 618, 62:?, 624) qui syn- 
chronise te mouvement de i tele-meat de restric- 
tion (404) et de fappitcateur deforce (408), pour 
obi eni rune deformation desireedetube medical 
extensible (402). 

2. Dispositif seion !a revendication 1 , comprenant une 
entree de force {702} qui recoit un mouvsmentcon- 
tint at 3i accc upis ceiui-ci au r 

cation de force (704, 708, 71 0) et au mecanisme de 
positionnement d'etement de restriction (706, 71 4, 
716). 

3. Dispositif seion la revendication 2, dans (equal iedit 
mouvement eontinu est un roouvemerrt de va-et- 
vtertt. 

4. Dispositif salon la revindication 3. dans iequel iedit 
mecanisf- nt da restr ction repla- 
ce iedit element de restriction (404) durant une cour- 
se dudit mouvement de va-et-vlent. 

5. Dispositif seion la revendication 4, dens iequel ladite 
course comprend une retraction dudit mecanisme 
de restriction (404) a pertir dudit tuce mtedleai exten- 
sible (402). 

6. Dispositltse - < ever iicattot 

3 ,i P < nr i , jcanisme d'spp ation de 

force (704. 708. 710) depiaee (edit appiicateur de 
torce (408) out r une course dudit displacement de 
va-et-vient. 

7. Oispositif seion ia revendication 8, dans iequel ladite 
course comprend une r , 

force (408) & part dud t e rr i ca extensible 



(402). 

8. Dispos* s ecr 3 a*< 

course con j t appiicateur de 

s force (540) vers iedit tube medical extensible (402). 

S. Disposftif se.ee ; une queiconqne dec revendieaiions 
2 a 8, darts iequel iedit > d'app catio de 

force (704, 708, 710) comprend un coupleurseiecfif 
■o 0 8 712}qu i eteci e iedit i su 

vemenfet ie force (408) 

10, Dispositif i endieadot 
^ a J d j; |i ■ oe te c^i tic i le 

?£=' ment d'eiement (706, 71 4, 71 6} comprend un cou- 
pleur selectif (70S, 716) qui aecoupte die faeon se- 
eciiw rc tr smeni rent. j m i 1 t s t< . f de 
restriction (404). 

at; Disf f nfut - lit ■ < 

2 a 1 0. dans iequel Iedit mouvement synchronise est 
repetittf. ei « tratite de cycles de po- 

itionnt it dudit eier i ■ *di (404) at 
d'appiication de ladite force. 

1? " j - - f i - iications 

2 a 11, dans iequel iedit mouvement est applique 
simultanement audit mecanisme de position cement 
d'eiement de restriction (803. 81 0, 812) et audit me- 
cc ante j ion de fore* (816 81* 820). 

13. Dispositif seion Tune queiconque des revertdtcations 
2 it 11 , dans leque! Iedit mouvement est applique en 
aitemance audit mecanisme de positionnement 

55 d'eiement de restriction (706, 71 4, 71 6) et audit me- 
canisme d'appiication de force (704, 708, 710), 

14. Dispositif salon ia revendication 12, comprenant un 
mecanisme de verrou v: ;c »n ■ Im -nance (522), qui 

■*o accoupie en aitemance le mouvement de ia force 
d'entree {50a; an mecanisme de positionnement 
rfelement de restriction (512, 514, 516, 518} et au 
mecanisme d'appiication de force (540). 

** 15. Disposititsetoiii'unequelconquedesrevendica-iona 
2 a 14, dans ] 1 j edei e (702) com 
prend una entree c s icelie (702 

16. Dispositif seion ('una queiconque des revenciieatiotis; 
Ac 2 a 14, dans Iequel iad'tte entree de torce (702; com- 
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1 a 16, dan -\>> Jt (704 r C6, 

9S jS, 71 0. 71 714)68 t 

(706, 714, 716) {704. 708, 710). 
18. Dispos' s 
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1 a 17 512,514, 
8 1 6. S ! 8} est manual, dannant a \m operateur une 
indication pour effecsuer une commutation entre ies 
mecanismes. 

s 

19. Dispositif se -I---, s <-evendicatfons 
1 a 17 dan iu fnehror ateu 704 706 

708, 710, 71 0 71 i) est effsctuant de 

M-meme une commutation entre ies mecanismes 
(708, 714, 718) (704, 708, 710). ?« 

20 ->p<<-" f e < jivS'i^r s 
13 1 V ( tear i'614, 62C 
618) com p rend e:< teurdebro pourdesac 
coupler one br 1 i smeetaccou ?;i 
pier lab roc hi a > . r ecanlsme 

21 - Oisposi-if seion la revendication £0, dans iequei Iedit 

synehronisateur (614, 620, 8(8) comprend un rea- 
son: (620) pou 1 
desdits mecanismes at un plan incline {621} pour 
retirer ladste broche (81 8) audit premier mecanisme 
ei pousser ladite bracha (61 8) vers iedit autre me - 
canfeme, 

22. Dispos * r t i - evendicatiof 

1 a 21 , dans Sequel !sditsynchronisateur(8i4. 820, 
618) bloque is mouvarnent de Pun desdits mecanis- 
mes lorsqu'un effet de mouvement desire dudit me- 
eanisme est termini, so 

23. Dispositif seion la revendication 22, comprenant une 
broche {522) qui vient en prise avec une ouverture 
(520) pour assurer ledit biocage. 

55 

24. Dispositif seion Tune queiconq ecie evendications 
1 a 23, dans iequei iedit mecanisme de restriction 
(708, 714, 718) comprend an element a surface ir- 
regutiere (714} pour accoupler iedit mouvemens 
audit element de restriction (404). *> 

/>% 1 1 3 

ia24.de 

force (704, 708 < iun element a surface 

irreguiiere (710) pour accoupler iedit mouvement *s 
audit applicateur de force (408; 

26 ~> >pi >-'■=; ' -j ' JtCS tor 
24 a 25, dans Isqoel iedit element a surface irregu- 
iiere (710, 714} comprend une piaque a boutons so 
(710, 714), 

27 spositrf seion ia re > i laps iequei ies- 
dits boutons (712. 71 S) soni des boutons untdirec- 
tionneis qui permanent a un element de bras {706, "> 
708) desdits me s - 3 ssersorceux-ciiors- 
;uelebrass« cad w onp ip? 

aux boutons, st qui vlennent en prise avec Is bras 



lorsque ie bras se depiace dans ia direction reiailve- 
meni opposes. 

28. Dispositif ss t'uneqi oqui s revindications 
24 a 25, dans lequei Iedit element fa surface irregu- 
iiere comprend une piaque a ouvertures (810). 

29. Dispositifse t'unequs reve dicadans 
. ' ?, J dat t - g life e com 
p-end des partse reguiiere separees par 
des partes da surf ere urn f. < aiite de 
distance. 

paraticn des parties de surface. 

30. Dispositif seion la revendication 29, dans leque! ies- 
I b3^i3, it de ir 
maiicn dudit lube medical extensible (402). 

31 )ispos fse t r vend r 

tion 30, dans ieqi • ■ - Se separation 

tiennent com in rt plast qut k Sit 
tube medical extensible (402). 

32. Dispose seion funs queiconqee des re-veridicaisons 
29 a 31 , dans lequei lesdites distances de separation 
tiet ner tipts i tnation eiastique dudit 
tube medical extensible (402), 

33. Dispositif seion I'une quelconque des ravendfcafions 
29 a.31 , dans lequei iesdltes distances de separation 

t * run rapp-elelastiquedudittube me- 
dical extensible {402}, 

34. Dispositif seion f'une quelconque des revendicadons 
1 a 33, dans iaquei ledtt appiicateitr de force (408) 
et ie iedit mecantsme d'appllcation de force '704, 
70S 7" > - tsaiiti volume 
droit etroit alionge, de facon a reduire ainsi (es mo- 
men-sss. e m it f-> ce(704 
708, 710), 

35. Dispositif seion {'one quelconque des revendicatlons 
1 a C i I j i< force <4Cb; 
ore ; (it in- re led e rned ilexfen 
stole (402). 

36. Dispositif seion f'une q - ;on s fss revendications 
1 a 34, dans iequei Iedit Se * r ct {i )8) 
tire una base centre un cote eloigne dudit tube me- 
dical extensiole vide.!. 

37. Dispositif so r 1. sonquedesrevendications 
1 a 36, dar sk fit ap ateur de force (408) 

ssenfeun uveme ^at r 

i appiloateurde farce (40Sf et tatuce madscai exten- 
sible {402}. 

38. Disposes 
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la 37, darts ,i ik iir 'orce i^08) 

p ssent< n tour d'un ax 

reliant rappiicateur de force (408) et ietube medical 
extensible (402). 

39. Dfepos:-- c^J7, dsns ieques (edit 

appiicateur de force {408} ne presente qu'un mou- 
vernent axiat, ie long d'un axe reliant rappiicateurde 
force ,'fooi ie 1i.n c n^.j extensible (402). 

40 0 0} s * - /endication 
presente un mouvemem axial, ie long d'un axe re- 

0 i 

41 3 spositif ni j sreve SicattOf s 
1a40, d; i ieiiedit entde -:> + ftm m (404} 
presents un mouvemsntde rotation autourd'on axe 

be medical 

- <tt ns 0 (4l , ) 

42. Oispos si - iication 4 dar : s ;qu< tedit 
appiicateur de force (406) ne presente qu'tm mou- 
vement axi> f i s force est 
applquea par celui-ei a ts tube medical extensible 
(402), fe long d'un axe reliant rappltcateur cte force 
et fe tube medical extensible (40?:) 

43. Dispositif seion 1'une quelconque des revendtcations 
t a JP d s is equ« I edit 'ii 

applique au moins 20 kg audit tube medical exten - 
sible (402). 

44. Dispos:t f . vindications 
1 a 42, dans teqifei ed ^ fo ce (408) 
applique an moins 40 kg audit tube medical exten- 
sible (402). 

45. Dispositif selon ("una quelconque des revendtcations 
1 a 42, dan gqueJ f « ' r de forest {408} 
applique au moins 60 Kg audit tube medical exten- 
sible (402). 

46. Oispositit seion I'une quelconque des revendiesttons 
1 i4< u 5 ' i ' cateut force (408 
ipp ; in !0 kg audit ■ r *u oal exte 1 
sibie (402). 

4r~ Dispossess quek 1 evendications 

1 & 48, dan 1 t • i i strict c i (404} 

etledtt appiicatsui do for e (408 son; des elements 
aiiong^s, 

48. Jisposirtfse ?.fe ndicat n 4/ dans iequel fedjt 
element de restriction (404) et tedit appiicateur de 
force (640) sent des; elements cyilndriques. 
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49, Dispositif seion ia revendication 47 ou la revendica- 

- i C) fdf c 9S 

sent des tubes. 

s 50. Dispositif seton Tone quelconque dss revindications 
■> > i r d€ force {408, 

710} comprend deux elements concentriques, on 
element exterieur (71 0) qui applique una force s'eloi- 
gnant dudit tin .sitif ei Brig e vers ledit tube medi- 

ir cal extens etui mentde ppos 

interieur (408) qui applique une force a partir dudit 
tuoe medic * - r j f .fr.^n 

51 . Dispositsf seion la revindication 50. dans Iequel leciit 
; o element interieur est mecantquemeniaccoupia audit: 

tube medical extensible (402). 

52. Dispositif seion ia revendication 50, dans leqnei leciit 
element exterieur est mecaniquemsnt accoupte 
audit tube medical extensible (402). 

53. Dispositif selon i'une queieonque des revendtcations 
50 a 52, dans iequel leciit rnouvement dudit applica- 
teur de force (408) comprend ie rnouvement d'un 

:« seui desdits elements concentriques par rapport 
audit dispositif. 

54. Dispositif selon ia < , I tens Iequel tedit 
elan nt fnteria se retracts en direction dudit dts- 

30 posittf durant tedit mouvement dudit appiicateur de 
fofce (408). 

55. Dispositif seion ia revandfcatfon 53, dans liaquel tedit 
element exterieurs'eiolgne dudit dispositif dnrant te- 
ns dlt mouvement dual' appiicateur do force (403). 

56 Disr. tif f revendtcations 

SO a 55. dans fecue edtteien i interieur est tie~ 

c u Sudif gberm sal e> - e (402) par de- 
*J vtssage de ceiui-ci. 

57. Dispositif seion ia ravendieatfon 56, dans Iequel tedit 
element interieur s'etend sensiafement sur toute ia 
longueur a travers led!! dispositif. 

58 Di-f t * j i 

1 a 57, comprenani one poignee (502) poor ie mam- 
tten dudti dispositsf par un operateur. 

on 59, L^iof tit s* i ineque > qoedesreveodica-rons 
1 a 58, a - , r fixes iedttdis- 

posiiif audit patient. 

60, Dispositif selon i'une quelconque des revertdications 
S5 1 a59,compr 

OvS! t f a ^ + t>u' t- t i Ji patteni 

61, Dispos' s 
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i eu (704,706, 
JOB 710 710,714 "i osltif pour de- 

former un -cutlet (402) 

parmiunjeu i * medical ex 

tensibies ayant des geometries difierentes, 

62. Dispositif seton I'une quelconque des revendications 
1 « 6 dan ate ''M ~Ct 

708, 710, 71 Q, 714) sync is e 1 1 appiicateur de 
•o:ce(40c!' a jrtetorca audit t ube 

imie.^ 2 es que edit tube med 

cal extensible (402} ait ete compfetement dtendu. 



72. Dispos'tfse t ) 

1 a 66, dan t i i cal extensible 

402} se diisK f t tefofma 

tton <fun rapport d'au moins quatrs. 

73. Dispos" 

1 a 86, dans SecjueS iedit tube medical extensible 
{402} coroprend m impiant. 



63. Disposliif seton I'une queteonque des revendications 
1 a 62, dans Iequei led* element de restriction (404) 
3 j i dic.-tet f c ext; eur ' e , f a 7 mm. 

64. Dispositif seton fune queiconque des revendications 
1 a 62, dans lequel led:; element de restriction (404) 
aun diamfctre exterieur infeneur a 8 mm. so 

65. Dispositif seton I'une queiconque des revendieations 

tr -* on ^04} 
3 un diero&res exterieur inferieuf a 5 mm. 

66 5 spos * 

! ' Ct On (404) 

liamel >;1 - i 4 n 



67. Dispositif seion i'une quelconque des revendications ee 
1 a 66, dans iequal Iedit tube medical extensible 
(402} est un implant spinal (402) pourr^unirctes ver- 
tebras adjacantes. 



68. Dispoe ♦ f ,« 

1 a 66, dans iequel iedis tube medical extensible 
402) est un t rrnki »t isc uon 

tractani axiaiement et se dllatsm radisiernent. 



69. Dispositif seion rune queiconque des tevendteattoos 4i) 
1 a 66. dans Iequei Iedit tube medic;;! extensible 
(402) comprend un tube fendo (20), qui, lorsqu'is se 
contractu - T t > t iSiie aepo tes 

(412,414) ef da r - 1 is f icf on 

(4C4i entente iedit tube et en -peohe intension d'eu -•>-> 
moins i'une desdiies pointes (412. 414;. 



70. Dispositif ss r srevendicatior 

1 a 66, dans iequel ledrt tube medical extensible 
t02)compre» f - one to ce e» 

« t ifjp q jee co re j ,4 1 ib« jo 

facon a defomw le tubs. 

71. Dispositif seion uneq sk nations 

1 a 66. dans Iequei ledit tube medical extensible ss 
{402) se dilate radialement du test de facte deforma- 
tion d'un rapport: d'au rooins deux. 
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FIG.2A 
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FIG.2B 
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FIG.2D 
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FIG.4A 
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FIG.4D 
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